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(57) Abstract: In order to identify an antigen to 2D7 antibody, a 2D7 antigen is cloned. As a result, it.is indicated that the 2D7
@\ antigen is an HLA class I molecule. Based on this finding, it is discussed whether the 2D7 antibody has an activity of inducing cell
@\ death or not. As a result, nuclear fragmentation is observed by further crosslinking the 2D7 antibody with another antibody, thereby
indicating that cell death is induced. It is also clarified that a diabody of the 2D7 antibody has an extremely strong cell death-inducing
activity even though no other antibody is added. These results point out that a degradation product of an antibody recognizing HLA
@ is usable as a cell death-inducing agent.
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g 5N EXN: ZRAFLIE. TREORFZRTT I EZBRELT. 2DTHREDIO—=20 T %iF21-. F0O#
S B, DTHRIEHLAclass I3 FCHIC LTS M-, ARAESE, COANRITEIE, 07HREIMAHMIERS
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BAREE
HRBaFERHA
AFEERIL, HLA 3BT 2 HE O ELS AT 5,

HLA class 1HUEH. 390 FALY (al. a2, a3) HbREB 45K Da
GiL . 12KD D P23 mruT Y vDO~TFuF L v—icEoTHREND, HA
STFOEREENL. MHROHTHELNS s~10 BEDT I / BCTE I fUR~T
F K% 8T HRIERTT B L THY, T L > THESh2REIFER

- FERCERCEERRFEZHSTNS,

%7, HLA class IAFUROHIC X BT A ¥ — 3 0, HRESEAEADH M
EFBHERY L BRIV THRBEN TR Y, HAZF OV FVRES
Fo LCOTRBELRREA TS, |
C Febb, HlxiEe P HLA class IAD al RAAL iZR9 550489, 12.1, a2
KA A KT BHk W6/32, o3 KA KT Bk TP25.99, AL 41, Tt
oD BRI L CHIBSHIAL R 0S5 & OBEDHD GERFFXRL, 2) .
E7. al FAL VST 5 SREEOFHK MoAb90, YTH862 I, Y&k Y v S3RiC
RLTTH =y ARHET B L SBESN TS GERRER2, 3, 4) o
£ D 2SR Lo THEENE TR b—Y RN A= L2 LIRS Th
B EBHELMACEINTEY GEEFIR4) . Z0ILl»b) Bl TRR

B HA class AR, 73 Y ADESEECLES LTS LERSH

T3,
5T, B b HA class TA @ a3 FAA VTR BHE 5HT GRGERFCERS)
<@ A HLA class IA @ a2 AL VT BHARE2 (FEFRESCIR6) b, TEHE




10

15

20

25

‘WO 2004/033499 ‘ PCT/JP2003/013063

._2_

Muyﬂﬁﬁgﬁﬂﬁﬁ%%ﬁ?élkﬁﬁ%éh?méoLmL&ﬁBﬁ&O

PR b —3 A TEMHLR MoAbOO S YTHE62 L IHEV, ThbDHEIC Lo THES

NBMITER. VTN bARA AR SRV LRRENTE, ZOTLD
b ST RE2 I X HMBTER, AR BTV 5 T A by R O & 13 >
el BipB 4 T OMRETH B LHER STV D, |
uhwlvk\ﬁMAﬁWkléﬁm%ﬁﬂﬁ\%m&%ﬁﬁ%&%T&ﬁ*
R hE TEEARENTVS, kEL, ZZTRASATO RGOS TR
VRS Tge Hifk, b L IEF(ab’ )2, Fab THY., E7F(@’ )2 Fab DL ST
FHREES T 5 2 & T, MBFEREEES LA L L DRRA O T 5%
AN _
—% oD7 HifkiE. b I zu—<ili% Balb/c T VARRE L TRV RE
Jra—FABTHD GEREXIT) . ZhETD7Hiks, Beny X
FIEEI ORI A A /> TRET 5 2 LIRRERE TV, 207
HH AT BHRIC OV TIRRE SN TRV ER 2 72,

R, ARHBEORAICEET 5 EITEHSIRERE L TITRT,
. (GE#TFCER 1) Fayen et al., Int. Immunol 10: 1347-1358(1998)
(JEREFICAR2)  Genestier et al., Blood 90: 36293639 (1997)
(Fe463FCHR 3)  Genestier et al., Blood 90: 726-735 (1997)
(SRR 4)  Genestier et al., J. Biol. Chem 273: 5060-5066 (1998)
(A XHRS)  Woodle et al., J. Immunol. 158: 2156-2164 (1997)
(JEMPFXARG)  Matsuoka et al., J. Exp. Med, 181: 2007-2015 (1995)
(SEREFC#R 7)  Goto, et al. Blood 84: 1922 (1994)

6B D BER
ARAOHE—D BEIL, HLA class 1A 2T BHEOES Ttk Rt
Brlichs, ERAOS b5 BME, TOESTHERTIE L2
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BT B BAERAORBAIZRET 5 L b B, |
KRBE LI, 207 FAORRERET S L BME LT, EF, 27 FURS

BUNEND RPMIS226 X VB L7z aRNA 35, T ¥4 AN F = —it LD DN 2B
L, ThEVRRUAVARY S ITBAL, VERYAARRRT AT

CSY—RERILE, BV FRUASNVARERTA T T Y —% BOSC23 MEBIZ F T R

7=7 MEBIETY PRYANAR Sy r—Vv I LT, TORBLNIEYA
VR % NIHSTS MBUIC AP &, 2D7 FiAACYe@ Lic sk, FACS 1T XY RBMRHT £1T
HYZ & T, DTHRDOAS YV —=r Tk Tole, &b, WTHRERRLTWVD
RPMIS226 #HEE, 35K T}, U266 HEARIZ X U cell lysate ZFHEE L. RELRBEEIZ X
D 27 FRORAEETTole ZNHORMOMR, 207 FURIIHLA class I HF
ChB T L KB L, |

D7 RIS BT A HLA class IA TholeZ Lhr b, ARHE ST, 2D
T RASHREFEELELETI0ELERF Lz, BEMIZIE. Jurkat AT
2T I BUVIIEFET T, &b ICHie U A 16 kR M ER/EFTV, 48
Refl)tk. MRAEHLE Hoechst33258 THE L, FEARMEICAFERRYZMIRREL DBT A LSRR
HONBHEE L, TORR. Jurkat MIRIZRVT, 207 ABMTIRIEE A
VIR EEM SR S o e il, SbITH- YR IGHkTIrAY v
7552 L CHROBAEBEESh, MRERFEIND Z RSP,

ZD & DT DT HUKIT X HHBEEFEICIIAC VR [g6 HFEIT L DI v R Y ¥
) BUETH DD, T CABRBICET S 207 Fubk ORISR
LW, 22T, ARAE b, MREHEICRT 5 207 AEOES FLORE
BRetL7e. BREMICIX. A 7Y F—< & DT HilkOFEREREL = — M58
EFEsR—= 2 L, BETRESMNC S D 2D7 Hifkod Disbody 62T\, M
RIEFHEEHITH T 3R EMET L, £ORR, B _& T &IT, Diabody 1k
Ute 207 Hifkiz, e 2 I kI X 57 v R Y 7 707 Th, #ﬁeﬂ:
RO DIEVAR TRA IR EEE LR Lic, £, % Diabody 1, E
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EARRMARY > 53Re, MEMIRICIIEE A CERES, FEIze—vill

R T HRBE B MRHERRER, TEHE(LY »oSERITH L T 0S4 RAICHIIIE R FHE L?‘;o

BlEDRRIL, HA 2BMT 3HEOEA Tk MRS L LTRAT
EBZEERLTVS, |
e, ARENL, BT (1) ~ (23] 2R EFEIDHb0THS,
(1) & FEmRGR (LA) 2EMT3ES TR,
(2) HARHA class I THB, (1) KEBOBSFLHIA,
(3) HLA class I BMHLA-A TH B,  (2) KRBOEKESFEHUE,
(4) 27 FUEDIES Tk,
(5)  iE4yFALHfkS Diabody THB (1) ~ (4) DVTFRMCHROES
Tk, |
(6) BAT® (a) ~ (d) OWFNLTEBDOESFLHE,
(a) WFIBRS: 6 CEROT I BEIEHT BIESTFILHE,
(b) FSIES : 6 KEROT I/ BESICBVT 1 b LR T 3
) BEAISESR, Kk WA, BLO/ ERBAMLET S ) BES]
PETBES TR THoT, (a) ICTORDIES btk L ik
CRSRESFIAK, -
(c) MFIES: 20 R BLOEFIES : 40 ROT I BEFILE
T BEATILE, | |
(d) EFIES: 20 CRBLVESIES : 4O CRDT i-/@ﬁaﬁmtﬁ o
BT, 16U EEOT I BEAISER, Kk, MA, BLT/
FRIIMMLIET S ) BEFIEET HESFLAETHo T, ()
(R DS LR & HBRROIC RIS 2R By T, |
(7)  HAXRBT DHERESTILTSZ LI E ST, BYSER LItk
BT 5 H
(8) HLAMHA class I ThB, (7) CEROFME,
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(9) HLA class I B8 HLA-A TH B, [8) KREHOFE.

(10) VKRBT 5 L k0T, M LR L Ehia S

g | |

(11)  EHTEN Disbody [6THB. (7] ~ (10) DVFhisicERo
o, | |

(12) TEEAMIEH IS RIS TH B, (7) ~ (1
1) @V"@’ﬂ’b#h’_?ﬂﬁfﬁ@jﬂfo ' o -

(13) (1) ~ (8) DWFRSEROESTEK. (7] ~ (1 2)

DOTHPITROF B & > THE SN B ESFALHmE, E7id 207
FEE RS L LCRET 5. GBS,

(14) BHEKRE I T MBICHT BMMEHE CHD = & 2R LT 5,
(13) EROMMFEREH,

(15) B#EUE7IX TARRIAS, TEtk(B MM I LB AL T I TH B,
(14) CEROMMEFSA,

~

(16) (1) ~ (6) DWFhrREROESTHE. (7) ~ (12)

DWTIPITFERD FIEIT K » TRESh BB Fehik, £7-1% 207
PR ARG LCEET 5, MESEAImEA,

(17) (1) ~ (6) DVThiREROES Tk, (7) ~ (12)
DWFRPICRRMOFIEIT L o TRE S W BB Fehiik, ik 207
AL HSRS L LCRET S, HBEAL

(18) EESLEEETHS (17) CEROFEEH,

(19) (1) ~ (6) oWPhriZRROBELFHiKk, (7) ~ (1 2)
DVTRBCRBOF I Lo TR SN BIES THK, E7i3 2D7
Wk Z AR L LTEE TS, HERBRBRERAL,

(20) HilkAt Disbody ThB (13) ~ [15) DVFNIKEROMIIE
HEA,
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(21)  ##kaiDisbody T3 (16) ICREBMOMBBERMAIAL

(22) s Disbody THB (1 7) Eiid (18) ROV,
(23) Hif#Disbody THB (1 9) RO B CALKRMIEHAL,
AU, HA 2T BIES TR ERET 5. ARFTBT BESFHL
Filkiz, EERERLTVWBATEATHSD, I T, EikLid, HERFRIC
AT BT LIL VAL BAENSEMIER R >, BEMRE L LT, MIER
WA, TR b AT, MBSAEITEIIER., WIS GHBIIER, MY
U, SRR, AUas RN, WA TEEA, A
EREER R Y E T B 2 L TR B, ¥ U ISMBETRE/EA, Mt
HHERTh B, | |
SRROTERSER, AERIRPRISIER 72 ¥ 0 ERAERONS b 2 HHIRIIEC IR
EENRVE, MIRFHI-CEHERRRTE LV, MERRMROBMAER2H1E L
TiE. VooNR (BMEMA, TARED) . AFCRER, AFEERR. APMIEER, M (F¥L<
VLIS HEL L 75 f BEAXER (peripheral blood mononuclear cell, PBMC)) , I=
e fi YRR B L S TEBH, UL IR BHIAL THE) . Iz
< SARIAMMTE L . THIME i3 BARR (RHTISHE(L Lic B MRS e IAiEhEfL L
e THIRY) ARLEFE LV, BB, MIEER LR, M 207
5 AF 90 ik L ORBROBEMET 5T &<, IR CHIT 5 MITH
B. THICH L. BEAE (RN 2, SIEYISE LK, 52075
AF o7 7 L ORRBORECHET MM THE, |
ARFCHNTH, LR HLA 2T BES TR RET 52 L1t kY,
BlziE, DRSS GEMSEE) 72 Y OEg (RENRFE LT, BnmE, &
R RERER, B L oNE, BRREa LR, BEMRREE (BHE 5
BB, <7 /0T Y ) | FHRAEEE CIEROREE, &
MR MR, RS 2 Y) HEAEER (RENRHL LT,
) o, BEREEITE, §oREETRES. BOAREOEE, §oRE
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BEIBEEA. HOAREERERL, BRI/ MR RIER, BTA
BT . H DAEMTTIERROE, §EAEBEESE, B ORI

B, BEABELETY R, BORETE, Ju—UE g7 b
P EREELE. B RUR, BEEERKR, TV VR BEBRIE.
_m%Wﬁfkﬁﬁﬁ\%ﬁ\&—?:ybﬁ&E)@li&%@@%ﬁ\%wt

PERBIRY ZENRFAETH D, |
KEEBCEVT, HA &1, b b AIRGUREEKT 5, HA S Fidclass T &
class I IC4E&H, class I & LTIZHLA-A, B, C, B, F\ G, K. JREBAD
ACTHD . class TT & LCH HLA-DR. DO, DP 72 EBM BTV 5, ABHDOH
MR B BRI HLA 27 THIUERICHIR SNV, % LS T class T
CAEENBHTTHY. EVHEELIHAATHE, |
AFRBCBVTIES FLbis &1, £KHE(whole antibody, 12 ¥ whole I
g6 %) O—E|ABRAL T LR 2S5, BR~OKEELZE LTI
IR & U, AR OHEE T, 2RFRO—S CHIERCIRE S
nizee, EEWERR (H) XMBHARER (L) FEATVIZLFER
LS. BITHELVDOIXVE & VL OS2 0HH Thd. Fuklih O24blE
LCiE. #1%1%. Fab. Fab’ . F(ab’)2. v, scfv (VW I AF=AVF) . RE
BETH LN TE BN, FELLIX scFv (Huston, J. S. et al., Proc. Natl.
Acad. Sei. U.S.A. (1988) 85, 5879-5883, Plickthun The Pharmacology of
Monoclonal Antibodies_} Vol. 113, Resenburg BL(F Moore #&, Springer Verlag,
NwYumpp%%ma(m%»f%éo:@lﬁ&ﬁ%%ﬁ%ﬁamm\ﬁw
REER. BIRIT. 2O v, RTIVVBRETRBLGKET R ZERSEDI. X
. CnOHEENAEa— RTARETFEEEL, ThERER~I Z—IKEAL
Teth, WERBEEMETERSEREIY BRI, Co, M S. et al., J. Inmu

nol. (1994) 152, 2968-2976 ; Better, M. and Horwitz, A. H., Methods Enzym

ol. (1989) 178, 476-496 ; Pluckthun, A. and Skerra, A., Methods Enzymol.
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(1989) 178, 497-515 ; Lamoyi, E., Methods Enzymol. (1986) 121, 652-663

Rousseaux, J. et al., Methods Enzymol. (1986) 121, 663-669 ; Bird, R. E.

and Valker, B. V., Trends Biotechnol. (1991) 9, 132-137 &) .

EBBI 31 B ESTIEL. 2RFKL D bATEINE 2D T LBHF
FLOH, BRI, FAv— P w—, 7 IV REOSEBERRTBT
LELHY . REHKLY bHTEBKRELIRDBIL LSS, |

KRBT E LWES PR, 70 VH & 2 25 ERTVL %2

L&D TNLATERREEEDHBVIZ) v —EEA L THENICEE L

BT B, A, HERATLERAREGTHLL, £, HARELIHF
HAEBSOEHECTEV, X bITHE LWES FehukE, H & VL SRR S |
2 LD EEA L THRENS VEVL X% 2 SUEEATOBHAETHS, ZOHA.
IE 4y FALH TR O— 5 D VH-VL 5 & A1 )5 0 VH-VL 5 & RO BERESS, ERGUAIC
1 HEEREL D BT 2R BTURAFE LV,

ABEHITBVTIFITHF £ LV MESY FALHifkiX Diabody T B, Diabody id,
EH & ATEREE U VH—ETRS LTI AV b BIRIE, scFv ) (A
. Diabody BERTBT7ISAVE) B2 oA SETIERMEIERLDBOT
By, BEE, 2O0VL L 2D %2 (P. Holliger et al., Proc. Natl. Acad.
Sci.USA, 90, 6444-6448 (1993). EP404097 %, W093/11161 %, Johnson et al.,

Method in Enzymology, 203, 88-98, (1991), H0111ger et al., Protein Engin

| eering, 9, 299-305, (1996) Perisic et al., Structure, 2, 1217-1226, (199

4). John et al., Protein Engineering, 12(7) 597-604, (1999), Holliger et
al,. Proc. Natl. Acad. Sci. USA., 90, 6444—6448, (1993) . Atwell et al., Mol.
[ummol. 33, 1301-1312, (1996)), Diabody ZHRT 57 77 A v FMRORKAI
ERATRSATh, EARATEVE, HE L BEAERA TS,
¥7c. Diabody 2R D77 JAvrATEY vA-RETHELT, —&
&4 Diabody (scDiabody) &35Z & LHEETH B, £ DS, Diabody ZHERT S
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7572 FNRAEE 207 IV BREORVY Y I—EAVTRETS L. R—K
ERAFLET B Disbody #HRT 57 5 7 A v NAL THMARARTIRE 2,
ZEEEHRT B, R |
mawy%%m?577¢x7bm;wavn&ﬁétt%w\WEVL&%%

LEbD, VHE VHERBE L bOELZRITAZ LN TERN, FELEZWHLE
VL%%%LK%@T%éom%wy%%&T67§7}VF¢K%wt\ﬂ%ﬁ

R TEERERAT S Y VA — B S W2V, A—7 77 A b0
ERROM THAERERB T LRVBEIEN Y v h— 2V Tk REFE
LW, Z0OX5RY rI—DRSIINUEENHEERETH R TEDIN, BR
2~14 7 I V. FELIES~0 T I B BITHFE LIX4~6 T I BTH
5. COBA. A—77 /Ay hhica—F&R5 L & VH Lk, TOMOY >
H— BT d, A—ED VL & VH ORI CHAARANB L 6F. BV
S5 7Ry FMSBRENRVE. BOT 5 SRy b b OFEARA LB T Rkik
ETRT B, &bic. Disbody {EBLE FI LT, Disbody ¥MMT 5T T /A Y
M3 OBERASET, M, 7 hTe—it EOSRIMLS LR
BB L HLARBRTH S,

KFC 51 B Disbody & LTI, BAES : 6 \CHROT L BEFIEET
% Diabody ¥ 7 i3EESIES : 6 ICFEMOT I/ BMEFIICISNT 1 b L ITHHD
73 BEFINER (B, K& BA. BIO/2RIMM L7 I BE
5%+ % Diabody ThoT. EFIES : 6 ICIEROEFI%H T 5 Diabody &4
§EB91C 472 Diabody &, BFIES : 20 (R (UETEER) 3L UGS
£ .40 CR CUIHZSER) O7 2/ BEF %A 5 Diabody % 70 i3EFIE

| %:2®am(XMﬂ%ﬁﬁ)Blwmﬂﬁ%:4wam(xmﬂﬁﬁﬁ)®7i

JEBESICEWT 15 LS IEKOT I ) MEFINER (B, K&, BA, B
T/ 30 LT 3/ BESI %A 35 Diabody Tho T, BWHES : 2
O DR (UTAIZNE) B LUERFIES : 40 R CUITTEER) ORFIZAET
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% Diabody &#¥REAYIZA% /R Diabody ZHIRTE 288, ZhEIZREEND D

TR,

=T TMMENICRIS] LT, X8 725 Disbody 25, EAIET : 6 CRIRD
mﬂ%ﬁ?énmmwxitmmﬂg%:2®am(xuﬂ%ﬁﬁ)%lwﬁﬂ%
% : 40 CR CUITTESER) OEFIZH Y5 Diabody & FMEDTEY: BILIE, H
LA-A ~OREATENE, MIREHFLEMRY) 2AT52 L2 ERT 5,
ERTBT I BEKIHCHREShAaVR, BHE, 307 I BUATHY, 7
FLIEI6T7 S JBOATHY, SLIFELIEE TS JBEA GBI, 8
7 OBURN) ThBLEXLND, |

Fic, WHIES : 6 TRROT I MEFIZHT B Disbody 7213, EFIE
5 : 20 DR CUITERRK) BLUEFIEE : 40 DR CUITEREIR) DEFI
25 Dishody &, b Mok 5 BBASELETSEH2 L SEAME LT
B Mb, FAFHELTHEN, |

BLFIEE : 2ITERIN TS 7 I BEFIT, 1 EF B ~134 FH B IEFRIC
M|EL, 50$E~54§Eb§CDR1\ 69$E~85§Eb3 CDR2, 118 F B ~134 #H

7% CDR3 IZHBY T 3, BFIER : 4 ITRBINTWA T I/ BESIT, 1 BE~12

8 % B ASFIESRIRICHN L, 46 B B ~55 3% B8 CORL, 71 % B ~77 % B 7% CDR2,
110 % B ~128 & B 4% CDR3 KBS T2, .
ARRICIOT HLA BT HESTLHMIE, HA KEENIORE L. £
SHER2H L OO EBICRIRS RV, ARAOES Teifkiz, %
AROFEIC LD EMT 5 2 L BTEETH S, P, ERACERIATHS
X 51z, HA 2B 35E0ES] (IR OB ERE (CD
R) DS ZEic, YUEECAMORETFREX LITEAOTHERT 5 2 BT
#TH 5, |
HLA 5883 2 HA ORI, BRAHOREOEFIE AVS Z L XTETH
D R HA BHRE LT, SEECAMOHEC L DI HARKRERL, 7
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OHEORFIERELTRANSC L bTETHS, AW, AXE. UTO
XBIRLTATD Z LT B, HA # V50 BE L BEOBF R BIFARE L
THALT. ThEBROREHET LiRoTREL, BbhoREMIYE
% OMIEBAER Lo TARNORME L BE S ¥, BRORAY ) —=r VX

Y, E) I u—FARREKEAM (T F—=) ER2Y—=V 0T B,
RO AROFYE. R % e a A AR E RS (1098/46777 72
2) BIZELTITO) ZEBTED, N 7Y F—vOfEllix, & IR

F4 v 50K (Kohler. G. and Milstein, C., Methods Enzymol. (1981) 73:
3-46) BICHLTITH = L BTE B, FURORERESENBAICHE, 7473
VEOREREERETAIERSGTFLREE ST, AEEZITATLN, EOHK, N1
7Y F—< D uRNA 5 5 WEEEEER & AV THREO EER (VEEER) © cDNA %
AR L. Bbhic cDNA OEFIEZAMOFEIT XY BT hiZ L, -
HLA T8RN BHMIE, HA LiSAT DRV BIHIRRIIRL . < URGUE, Ty
NS, U RHE, BV U, b NARSEEEAVS D ENTE D, X,
E MCHTDEBHREM A BTSRRI E2 AN L LTABBHICHE LB
FRAB Z BIGTR, BlzIE, * AT (Chimeric) Hiff, b MMt (Humanized) Hufkiz
POBERTE S, ChbOREREL. BAOTEZACCHIET S L AT
5. ¥ ATHEIT. € FNUAOBELEY, FIXIE < U RGUEOEH, BHOW
kL b MEOEHR, BHOEREEPORIFMEETHY ., <V RAHHED

EEFESEa— K15 DNA &b MAKDOEEREEZ 2 —FT5 DN LERL. =

NERRAY & —IBAA TEECEALELSEBZ LICL VBB Z LRT
& 3,

b MEFIE, BB (reshaped) & MMKY bFFESH, b MRS,
7 b 2 1Ew O AGUEOMRMIHERESES (CDR; complementarity determining regi

on) % b MAKOBBHREER~BELEbOTH D, TO—EHRERETHR

BLXFELAMONTNS, BEIIZIE. =0 RXHEDCR & MDD T L—A
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'7%7 $8i% (framework region ; FR) ZEAET D X 5 ITEEH L7 DNA EdSl 2, x

CBEIC AR5 v P B EET B LD IR L EBRBEOF Y IR T vEF

RHb PR EBIZE VAT 2. RO ZE MR EERE 2 — N5 DN
ALERL, ROTHRRRY F—TlBAALT, TREBECEALELSYES
LV ELRD (BMNGHHEARES EP 239400, ERRRFHBARESV
0 96/02576 BIE) . COR 2 LCHAE SN S b MAKD IR 1%, HHREGRA
B ARSI LR 5 bOSBRE NG, RECKT, BHRE Mtk
ORISR RRIRASEE R TR AL 2 TR T 3 & 5 THEDAEFRO 7V
AT EROT L JEREEHRLTHEIV (Sato, K.et al., Cancer Res. (19
93) 53, 851-856) | | .

TRbX A THiERE Mk EIton T, EBSTE LRI A TP
t MEERIToTHbIWVWL, A5k MEEZIToRBITESFLEIT-T
b, | ' |

¥7. b MIBOBREFELALN TS, FIXIE, t b)Y v BREin vitro
THEPHR L IFTLOHRERET MR TRIEL, BEY 3 8REE b3
To—<#ile, FXIE U266 LA SE, RE~ORAEELETTHIHEDL M
HEBBT L bTED (BT 15818 BMH) . £k, b MAKBEFOLTO
Ve MY — BT L T YAV S y ) B R TEORRCRET 5 = L T
Ent MIKEBETS D LATES (ERGITHIBANE S W0 93/12227, WO
02/03918, WO 94/02602, WO 94/25585, WO 96/34096, WO 96/33735 BMB) , =5
o b MRS A PSRBT, AU= UL D E R TB Bel
bALNRTWS, BT, b MUKOTERRE —AGHME (scFv) LTI 7
—9f4va4&K;D77~9®§ﬁﬁ%ﬁé%\ﬁﬁtﬁé?577%9
YERTDH T LTS, BRENET 7 —VORGETFEMTTIIEL, FURICH
AT 5L MAKOAEGRE 2 — K5 DN BFIZRET 5T L 50 5, HIUR
:ﬁ%’%’é‘é scFv @ DNA B2BUASEA & i pviE, YUHESI 2 AT 2 EY BB
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BpfEL. b NARERET AT ERTES, INOOFEREIANTS
Y. W0 92/01047, WO 92/20791, WO 93/06213, WO 93/11236, WO 93/19172, WO 9

5mm%,m9ww%8&£%u¢6:aﬁf%5°‘
ABPCHNT, HLA ¥RIT BHADIFE LWL LT 27 HASET b

B, 207 Hifkiz, EFIES : 20 R (RIFEREK) & LUESIES : 4D CR

(RRFZERR) OEFIZET SHBARITRTE B8, ThIKRESNDBOT
272 . EFIEE : 20 COR CUITTEER) BIUEFIES : 40 R CUIT
) OEFICIVT b LIFEROT I BESINER (B XK, #
A, BIU/ S L7 S BEFIEET 2HkTHo T, BEIES
20 CR CUIFZE4ER) L UBAEE : 40 DR CUITEHER) ORFIEH
BB LRI RS B b £ AR D 27 FEiC A END, I T M
BRI L3, B LBV, EAES: 20 (R (UXTEER) &
CESIES 4®am(xm7£ﬁﬁ)@Eﬂ%ﬁ#éﬁ@kﬁ%@%ﬁ(ﬁx
. HAA ~ORSATEY:, AIFERNEE, BY) ¥HTHI L 2HKT 5,

TRTD7 I BEIETHBENR2OA, B, 30 7TIVBMUNTHY ., &
ibﬂiHTS/@BW?&U\éBKﬁiL(HSTS/@uW(%iﬁ\3
7i/%ﬂﬂ)f%é&%i&héoEi?é?i/@ﬁﬁkﬁwfm\7i/-

 BEORERREShTVERNT I BEERShA S EAZE LY, AX

E7 S BAEOEE L LT, ﬁmﬁ7‘/@(AI Lo M. F, PL WL Y, V)
ﬁ*&? /%(RI)N C. E. Q. G, H. K, S\ T) | JEphiRMIgEE=F 357 X
J® G, A, V. L. IP) KBESHNHEZRTHT I JE ST Y) . B
FPEANSEAT 57 /B € W) « IVRVBRRUT I FERRBEHET
27378 O, N, E, Q | HESHFAHEZETE7IVE R KB | FFEEK
ﬁﬁm%%ﬁ?67 JB M. F Y. W) 2BT5Z kmv%&(%%ﬁumf
ny7 I BO—XFELERT) . HDHTI /@Eﬂmﬂ?élxm@ﬁﬁo
7 3 ) BBREORE, ARG/ Xidho7 I/ BIC k2B X Efishi
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7 S BEFIEET BRY RFF BT OERBNFRERRT 5 L3 TR

 HBRTWS (Mark, D. F. et al., Proc. Natl. Acad. Sci. USA (1984) 81, 5

662-5666 . Zoller, M. J. & Smith, M. Nucleic Acids Research (1982) 10, 64
87-6500 . Wang, A. et al., Science 224, 1431-1433 . Dalbadie-McFarland, G.
et al., Proc. Natl. Acad. Sci. USA (1982) 79, 6409-6413) °>$Eft\ Hitko
R E 0T 3 ) BEFITSEEIC AN TH S, o

Fhe, D7 HibkE WEEICAMOFETE AT, b MERLETHIL BT
BETHY., ZOXIRFATHE, b MEBEESNHUELERREAD 207 HilkicEd
Ehb, |

ﬁ%%wﬁWﬁ\ﬁvi?Vvawﬂvmm)\H%ﬁ%E\b%vy%@‘
BT LA L2 Pal— MIKTHEY, Z0k5RarPal— i
thid, BONEREICLENREHEET LItk TBB I ERTES, B,
HRDBHFEILZ OSBFIIRWTT TIBI S TW5, ARHILBITS [H
) RRZNbOayVal - MikbAEEND. _

ERIL. ARBORHEE T K5 N 2EET5, X B LAY
PV bREBFETTAA TV FAL XL, UR~ORBEERERZE T 554
2— 145 DNA RAET B, A 7Y F A €—3 3 VEHi (Sanbrook, T et al., M
olecular Cloning 2nd ed., 9.47-9,58, Cold Spring Harbor Lab. press, 198
0) HUEEICAMTHY . N TV FA B a Y ORME, LEETHITE
EBRT 5T LI TE B, ATV FAE—s 2w DREELTE, AL &
A WY YV PRAERET BB, B R Y Tay Rl R, AT
Y& A ¥— a EOBEITIENT, HIRIT 427, 0. 1XSSC, 0.1%SDS DH&MHT
BHY. #FELLIXB0T, 0.1XSSC, 0.1%SDS DFRFTHD, LVFELVWAMT
YFAP—varORBELE LTI, BARA RN Pz M REERET NG, &
APY V= Mgl LI, BRI 65C, 5XSSC KU 0.1%SDS DHTH B,
ZRGDRBIBVT, RES LT ZRICEVAEREEE TS DNA REh=AIcS
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BB LBEHTES, AL, M TV FLE—Va YDA V= ri—

BB R ER L U CHRECERE R CEROERSE X bh, NEETHN
E N OEREWERRT 52 L CRARORA ) V= v — g RRTHZ LN

- WEETH 5.

AFKBAD DNA 1%, AFEBADHUERD in vivo RX°in vitro BT DEERFIAEh

B BIXIT. BRETHERE~OBALELONG, KRB NI, KRS

OHikEI—FL? 5 bDTHIZOPRBFETS X1, Bb, nRNA » AR
énthFbém\H/Ammvbém\m#%mme&ém&E%%b&
v, i, ABBOHKEI— FLS 3RY. BERSOREICES EEOE
EEFIEHT5 DA REEND, |

AR ORI SEE T ARMOFEIC L VMY 5 = LR TE B, BAMIIE,
B8O LT BHMKD DNA 2REAY § —~ARAT, TOE., FRHEER, f
i, TUAVH—, FRE—F—0RHEOb L TRET S L HIRRY F I
BiAte, KT, TORE~Y F—ic kD EEMAEBEERL, RAERRSE
BLLNTED, TOBEIX, BURBELRARS F—DlBEDREERT
B LTED, | |
kaﬁ—wmkbrm\mé%&?ﬁ—\1m%&75—‘wmw\wm%um
t. pCR-Script RENFET oD, Efe, DADYTIu—=7, IVHLE
HEY L LB, ERRY #—offiz. #lxif, peEM-T, pDIRECT, pI7 72 K#%%
F 5B, L |

KRR ORES EET B BIICBV Ty ¥ —2 AT 5 HEIE. Bic, 2
WAy F—REATHSB, BRY F—L LT, A, KBETORREH
L LRBaE. 25— RRBETRIESNS L 5 2 LRGSR S,
fEX % JM109, DH5 . HB101, XL1-Blue 72 POKRMBHE & LB EITBVTIY, K

 BETHRILLRATESZ LI AT ne—r—, FIXIE. lacz FuE—F— (Va

rd &, Nature (1989) 341, 544-546 ; FASEB J. (1992) 6, 2422-2427) | araB 7
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o E— (Better ©, Science (1988) 240, 1041-1043 ) . ¥XIXTI 7mE

=B —REERBoTWVWB I EBRARTHD, TOXIRRIF—L LTI, L

FER & —OHT pGEX-5X-1 (Pharmacia #£BY) . [QIAexpress system] (QIAGE
N#L8) | pEGFP, 73 pET(ZDHEA, BERXTT RNARY A7 —EEREALT
VW5 BL21 BFE LV R ERBIT SN, C

. Ry F—iTit, RYRTFF FHBOEDO S FABBIREENTOT
b IV, RYNFF KRBOEDBOL S FAEFIE LTIk, KBBOLY 75 X
ANCE S 5, pelB /ARSI (ei, S P. ot al J. Bacteriol. (19
87) 160, 4379 ) REATIITIV, BEBE~O~Y ¥ —DHAWR, FIXITHE
fet sy b, Ly baRL—ya VEEROTTD 2R TES, N

KBRS b, AxiE. ZRAORY RTF FRBETBLDORT F—L
LCH. WELBE RORE~Y ¥ — (BT, pcDNA3 (Invitrogen #-EH) <o
pEGF-BOS (Nucleic Acids. Res. 1990, 18(17),p5322)‘ pEF. pCDM8) . B Hhfuia
HSEDIEF Y #— (BlxiT Bac—to-BAC baculovairus expression system)
(GIBCO BRLALBY) . pBacPAKE) . MEMMBORE<2 #— (RIS pMHL, o
2) . BT 4 VABKORFERY F— (BxiE, pHSV. pMV, pAdexlew) . L k.
Y AN ARRORESY 5 — (IR, pllPneo) . BRARORR~Y 5 —
(Bﬂﬁikf{ [Pichia Expression Kit)] (invitrogen1i§§) . pNV11, SP-Q01) ;
W R HRORE ¥ — (BiZIT. pPL60S, pKTHS0) RT3,

CHO #EHa, COS #F3. NIH3T3 MM OBMMRTORRE BML LItHAI,
%mﬂ@?vf%ﬁéiﬂréT:bb:uzgtﬁj'n:e-—&—\ @’dfr_bf SV40 72— & — (Mull
igan &, Nature (1979) 277, 108) . MMLV-LTR 7w E—F —, EF1a7°Fl=E~—§’
— (Mizushima &, Nucleic Acids Res. (1990) 18, 5322) . CMV 7°IJ:E-§'f—f;
PiETVWBIEBRARTHY, MR~OBEGHRERKT DIDORET -
(B, BH (RAeA T, GUB7E) KX YHBITE B X 5 REHIMIER
ETF) PETRES LIEELY, S0k 5 RBEEHET 52 F—k LTI,
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# %1%, pMAM, pDR2, pBK-RSV, pBK-CMV, pOPRSV, pOP13 72 ¥ #3%if b B,
AbiT, BEFLEEHCRASE, »o, MEATOREBETOaE—H0HE

EE BT HAIIE, BERAREEE SR Lic CHO MR E N 248 T 5 DH
 RBEFEAET B F— BIRE, pCHOI 2E) #HAL, A bhL¥e—t
CMTX) X VBIESERFERET O, T, BEFO—BEOHEREZBRIL

THEEITIX. SV40 THIFRRET 5 BRETF 2R Ricko C0S MildE AT
V40 DB AE >0 F— (peD 72 ¥) TGS 5 HERET BNB,
@@ﬁ%ﬁktfﬁ\it\ﬁ9i~7ﬁ4wx\7?/74»2\WVNEH
— 4VA (BPV) BOBROLDOERNDZZEHTED, EbIT, HHMR
CEETF S C— IR D, RRERY ¥ —IBRe—I—L LT, T/
Ay FEILYRAT 25— (PH) WETF. FIVUEFF—¥ (0 BET. KB
BEPLF LI TV RAR) RUN FT VR T =F—E (Beogpt) BEF, ¥
b FomEaER (dhfr) BEFEEEDILNTES,

. BROANTARTIO DA R RRE B HEL LTI, AR DA
BREBRY H i BAS, BT, L R YA VRS, VR —bE, HF
Hm VRV — B, TF A NRER LIC KD ERACHAT 8
RETONB, BVbNEAY F—b LT, A 75/ IANART F—
(%iﬁmunw)%v%u74wz&95-@MﬁMHMw)&Eﬁ%ﬁen
BB, THLIZHBENRR, X7 F—~DORFEF O DNA DIFAR & O—fREY2
BETHREL. BEIHoTIT 5 = L NAHETHS (olecular Cloning , 5. 61-5.
&)oiﬁﬂﬂ@ﬂﬁm\wvhoﬁfbofb\mvﬂp&thTBlwg
Fik, ABEE, ARAOY F—SPAS LI EERE RS D, K29

0&95~$§Aén5%$%mkLfﬂﬁkﬁmm&<\Wiﬁ\k%ﬁ%

B4 DB ERBVE = L ST TH B, ARHAOETMILT. HXIT.

BB OB EOMEOREDE HOELER L LTHEAT S LRTES, RY

7F RBUE D7 W DEELERIL, in vitro B X Win vivo DEEREH B, in vit
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1v@EE%kLTm\E&Mm%ﬁﬁ?éﬁé%%ﬁ&mm%ﬁﬁféEk%ﬁ

- EiTbohd,

HUIRL AT 5EA, P, B, M, RENREEECH
NBTLATE S, BHIL LTIZ, WM, FIRIZ, CHO (. Bxp. Med
- (1995) 108, 945) . COS, 313, I=m—-=, BHK (baby hamster kidney) . HelL -
a. Vero, TIAIEMARE, HIIZ7 7 ) Ay AN TSR (Valle, et al., Nat
ure (1981) 291, 358-340) . HBVXEBBAM, FIXIE. SE9, Sf21, Tns A4
bhTW3, CHOMIRRE LTiX, #ic, DIFRBEFERE L CHOMETH S dh
fr—CHO (Proc. Natl. Acad. Sci. USA (1980) 77, 4216-4220) =° CHO K—l. (Proc.
Natl. Acad. Sci. USA (1968) 60, 1275) RIFEIEATHZLNRTEXS, B
RIS T, KEIRE B LS HEAICIIRIC CHOMIAEE LV, BN
JA~DRY Z—DEAR, FIZIE, VBRI T A, DEAET XX hT U
BFA= s YRS —ADIAP (R Y e g D) BRI,
TV kuR—L—vavi, VRT =2 VeV REOFETITH L RTRT
bB. | | |

MM L LTIk, BlxiE, =aF 7T - F50 b Wicotiana tabacum) MK
DOHIFNHY ~7F FEERL LTALRTH Y, TRENLVAERTRTI,
HEM L Ui, BB, BT, Fon3eR (Gaccharomyees) B MIZIE.
Yy BB IR BVEST (Saccharomyces cerevisiae) . KRB, BIZIT,
T AYVEN R (Uspergillus) B. BIZIE, P RAJVRILR « =H cqspeigﬂ_ .
lus m’éer) BESNTOD, | |

FEMREZERT 554, WEMEEAVSEERNH D, MEMEL LTI,
K E coli) . HlxiE., IM109, DH5 o, HB101 327 Sh, o, HE
BEHBAOLNTVS, |

InboMIaE BRE TS DN KX VIREERL, WEERSN MY in v
ftro THEET B T LIk D AKAB OIS, HEIL, AROFECENTS =&
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BTE B, BlziT. BMpMROEERE LT, #IZIX, DMEM, MEM, RPMI1640, IM
DM EMEAT D Z LR TE B, TOB, FIREME (FCS) SOnMBHRE BT
BrEbTESDL, BOFEHELTH IV, HRRFO pHIX, #16~8 THHON
ﬁ}i LV, B3I, SB%. #30~40°CTH) 15~200 BERGITV, uzxﬁms C s

- ORH}, BR. BFEEMA D,

—F . in vive CRYARFF FREESEERE LTI, HxiZ. Bin% R
FREAR OISR T SEARBET ENE, Th b OB ITHEIIC 88

&7% DNA WAL, BRI OGN TRY N7F FREESYE, EIRT 5,

ABHICBT B (EE Lk, “hboBs, BusasTs.,

B ERT 256, BLEDY., BARAVIELERN LS. BILESY L
LTH, ¥¥, 7%, EYY, vUR, UYEMOBIERTES (Vieki Glase
r, SPECTRUM Biotechnology Applications, 1993) , %7, WELEEEM% A5
BE. FFVRT =y I BHERAVDZLRTE S,

BlZiE, BELTADNAZ, YHBHEL L DL S RAFFICEGICEESH
BHRYRIF FEa—FTo@ET LOBARET L LTART 5. KT, &
DRAEET 2 &t VA WK 2 Y XOBE~EAL, ZOBEEOYX~BHT 5,
EEZELEYEDOEEND NI VAV 2=y I YXRBEOTRIELT S
LH» D, BHOHEEBEZ LN TESD, FNFVAV==y s YEPOEES
NBRYRTF FEELAHBEEMEE DD, BEFVELE FFVRY
== o P X RIEALTHEY (Bbert, KM et al., Bio/Technology (1994) 1
2, 699-702) | -

Fe, BRELTE, BIZIENA 2RAVB LR TES, I/ 22AVEH
&, BEIDDNA ZIBALEAF 20 VA VAR EIA 2B RERBZ LITED,
ZDOHA ADERNP S BHORY NTF FEBBZ LN TES (Susum, M. et a

- 1., Nature (1985) 315, 592-594) .

6T, EHEERATIHES, AIRIEF NI ZRAVBI LB TED, #30%
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mwé%%;aﬁomm%ﬁ%%ﬁm&ﬂﬁw\%kﬁmmeomﬁxp,:o
&ya—&?ﬁmﬂ&?ﬂbA-?}?y?zy}(wmkdaﬁmmMﬁdm
s) DLIRAIFY TICHEAT S, ZONITYT RS AA, AR, =2FT
.« 52D Wicotiana tabacun) \BREE, KFAORELVFBORY
FFFEBB LB TES (Julian K.-C. Ma et al., Bur. J. Immmol. (1994)
o4, 131-138) .. o
TRICE BB ARAORAL, FEMRAE IR (R Y) B
HEEEL, REMGICHBTY— kY LTBRBT 5 Z L83 T& 5, HEOSER,
B, BEOREOBRTHEASN TV, BRAEEEATMIE,
MBBESND O TRV, AXIE, 70w T TTA—HT b, TANE—,

RAIRIR, AT, WELE. WEmE, RE. BB, SS-RITI VAT

RANVESKE), SEAESKSE, BF. BESEZEEERER. EA25b¥h
ISR S, R B D LB TE D,
ruw ST T 44— LT, BIXET 74=F 41— I574— A
AVERY B 5T 4=, Bkl n b ITT 4, SLUR, WS B
v IFT 40— BEI 0T NSTT 4 —EBETOND (Strategies for Prot
ein Purification and Characterization: A Laboratory Course Manual. E Dan
iol R, Marshak et al., Cold Spring Harbor Laboratory Press, 1996) » T
Loy u<w ST 4—i%, W7 u< TF 74—, BIZILHPLC, FPLC DK
mauvbf374—%mwfﬁ5:£ﬁf%éo$%%m\:h&@ﬁ@#&,"
LRV, BECERSNERELEET S, -

AFBUTBN T, ik OFiFAREETEE (Antibodies A Laboratory Manual. Bd H
arlow, David Lane, Cold Spring Harbor Laboratory, 1988)@@]5:’%:%1@%@%
BAMAT ST LATE B, B, BLISA (BEERARERAERER | EIA
EERAERER) | RIA (RNAEREE) b3VIREEER 2BV
LRTEB, - -
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AR T, RRHAOTASIBEMIRICK U THRNELHET 2 0E 2T,
) & FIRC Jurkat ABKI I ARHT7 RRIRIC X U CRIMISE £ 58T 5 PEICE
DHET DI LB TE D, X, FASEERICN L THIRELHET 505D
. SEHER) & FIRRIC Hola MMARICN L CHIRZER BB B0 EMI L Y HET 5 T

LRTED,

S, ARBL. AREOESTHEE L 27 A ERRS L LTRAE

F 5, MBSEREAE MR 2 AT 5. ARAOBLTHHEE

7213 2D7 FARDMIFEREIE L, ikl THIBE /i3 B AR TRICHIR
RRENLER GRBOT, Bk LOEE (SICLEEE 8 SAlRR0R
HOFHIHES THE LELOND, ZOX D ITARIT, FRADEST
(EHE T 1 207 Btk FIVVe, B POIEE (FICiEs) 8 Damks
DS EC T HIEbIRET 5 bOTh D, ESFILSHTVRY 207 itk
APRS L LTRAVAEAIIE. filc iR Tr/arRY 7§52 LRFE
N | | | .

RS AR R A LTIy Pa S — Mk LTHEAT A2 BT
x5, DOk AREL LT, [EEREA, BEERE, o uR kg
HLERTED, ZOXIRarYal— MAKRAMOLEIIVERT S
LRTED (U85057313\ US5156840) ,

AL, EEBECRE TSI, AMOBASFEC X ) RALL
*EEMR L LCREETTD o L bWETH B, BT, BB UTEKE
HURGRR. ATEAE, =) FVARL <A 7 nATEARE LTRAMI,
3BV D L TN OREMIC # LEB SR & DREEER, XIHE
BRIOEHAOT CHEMIERTE B, AL, KEFEFAShEEED
U< gk, BAMCIE, BEACEBARUK, WD, HAF. HEK. RE
A, BREAL BWEL RIEAL by, DAL BAER Y LIRSS
PET, —RICHED b AEERITER SN DB AERECRATHI LK
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LoTHAMET B2 L AELLND, TNORAIST 2 EHRA BTSN

EHEOBYREEREOLNBLIITTHLDTH D,

gl HFRARICIERT S T LR TE AR L LTI, AIXISET TV,
ae VR F—F, FIHY AL TTETTADOL D REEH, FRitein
—AD L5 REHH, 3V AF—F, CIFv, TAXVEROD LD 2B,
RFFY VBRI ADE D REEA. ¥ akE, %ﬁx&#/ﬁlxolo

RHBREl, =32 b, THE BXITF =V -0 X5 RFHASAVLOND,
SR BAITGIES Y TN Th B HBITIL. LROMANC S bITHEEDO X 5 2K
MERAATHE LB TE D, ENOLDOEEERYITENAREADL S %
e 7 AR RO TEE OBRISEIH o TFT B LB TE B, |
S AOKERE LT, BILEERARK, 7 FUBRTOMORYREE
TR, BIIED-Y VY Rk, D) — R, D-v = b LT Y
o ARET S, BN LR, BIRET A a—N, BEOIIEES ) =,

.%UTWS—W\%iﬁfﬂEVVVU?—W\ﬁUI?Vyﬁvaww\#J

UM REREER, BIXIERY YA~<—F 80 (TH) | HCO-50 & HFELTH &Y
MHER Y LCIE e, KEMA ST biv, BAMEH L LTEAER Y
M RVVNTanwkmmbfblm'it\ﬁ@ﬁ %kﬁuv@ﬁﬁ@
W, BRI U AEENE. SRICAL, PIRIS ERT B, KA FIZ
RV OAT I, 7::/-—11/ ER(LBIER L EALTH LV, FAl&Eh
EHITER, BURT Y INVCRRERED, |

BE~OREL. FIAE. BIRKES, BIRAER, RTEEZ20ED, &
Ewm\ﬁﬁgi%\%W%\ﬁ&%\itﬁﬁm%ﬂ%%ﬁ&&ﬂof&ml
DiTN D B, BERIL. BEOKECERS. REFERLCIVERT 8, X
s NITES RBERPETBRT 52 L NTRTH S, Ti, BLAWS
DNA K & 0 == FER5 5 b0 ThIVE, DM BRETIRRA<Y & —icilid
B, BEFHEETO ZLbEAONE, BEE. BEFEL BEOREIF
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B, R VI L VBB B, MEETHUEHERRT 52 L BTETH
ARFORAORERIL, €01 BRSETRESNE, NS, R, 85

C FEIZEoTHERSZN, FXITEHRFIOR CIEERA (KE60kg X LT) I
CBWTIE. 1 BHE 00,155 1000mg, HFELL I L0 »D 50mg. & VIFE

LR L.0»5 20mg THBELEZOND,

FEROMITRETIHRIX EDO1 @&5%&1&@% PIE-I 2N f“ R, &
EHREICE > THRERDR, Bl 2 T ESROW CILBRRA (RE 60kg & LT)
IKIWTIX, B%. 1 B4 Y#00.01 25 30mg, HFELITH90.1525 20mg, &
D HFE U< 0.1 55 10ng BE L BHRESHC £ 0 BET 5O REHATHB L
Ex5Nn5, MOBWOBE L. KE60kg YtV REELEE, HDOVIIERE
Whit VBB L BERET D EBTES, | |

KE D E AR
B 1. mm«aa—wﬁ&nmmt7ﬁ75 %FTIT%6 x+%ﬁm

 BstXI WERERSI R LTV 5,

B2 AR EUE2 Bid, 207 FUROMIKICI T 2 BRETTETHS, DT
hCAEERARE L, TORELRA L, (ER: —RESRL, KR 27
Hik) |

231X, 207 Hifhic X B ttia R T EH Th D, NIN3T3, RPMIS226, U266
MpA% THIL L. 2D7 Bk, HiBST-1Hitk (=v hm—) , ERFTRTA G
D H CHRIELBEZITV, | R CE B AR L, RPMIB226, U266 T 2D7 ki
L 0 BRI 5% 12k0 o5F (RED) #HHEhiz, Zo8r FEEY
|PN /\"7"5‘}}*’*‘/*—& TUARTFolIER, B2I/u/mT Y U THEII LB
yle oo |

R4ix, 227 ——-/ﬁwﬁn%z"&‘@f&;z)o 7—/V453iF. DNA @nﬁﬁz 17
A VANDRyr—Vv Y 313 M~ DBY, FAC KL BRAT ) —=FET
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%—o@zﬂyabrﬁot(@4A)oE&Z7U—=Vf%7$ﬁﬁmma

B RETRok, ERAY U —= /TR, 3r=—64 BETHEN 96 ¥

=N T U— PRAEE L, #OFI, MOFITT —LVEED RS Y —=2 T 5T 1,
EORR. 2EOBERH u— it (B4B) . -

B5i%, FACSICLBAY Y —=V 7 ORRETTRTSH S, B5ARTKRRY
Y=y P ORREE, B5BREKRAS U —=0 7 OfRE, E5CHERAY
V==V ORRERL TS, £T/—VEYVERTA VR %%’E%%’é NIH3T3 IZ
B E¥ 3 BRI DT HRETRREREB L, RV —=FTLRT—VOY
A REBRECNELTH LTI a—r i T ok,

K 6%, FACSICEBRZ Y —=V 7 ORREFTETHS, K6ATERRS
)—=V S ORERE, K6 BIXEKAY ) —=r FORRETRLTNS, KRR
2 Y —= T ORER, 3,4,6,8DF, EF,GCOINZHEMI a—rREERTVWDZ
Ly hot, 12EDEREI e— B R Y —= 2 LickER, EDFITIL6E
BB @y T Bk RS Mote, =0 68 OREESIEMT LIREHA o
lassI A*6802 # 2— K bf!/ Vo

17 . 207 FHATRINC X M~ OB BE T RRIEETHE, Tk
(10 pg/nl) FEOGE, 48 RERDEICAABRISCEME LT, 207 SUEEME T, M
PSRRI IE & A PEILR R B e bote (R 7A) , K562 482 (K7 B) | Jurk
at #8 (7C) . RPMIS226 ¥#a (7 D) &%Wanwmm 24 FRefER I
£ L7, 207 fifkid Jurkat 123 L CRIBRERER 2548 L 7

81k, 7KDY BRY LS I X AR E AR FETh 5, Jurkat
BIIC 207 Bk, Hie DR 1gC ZAMBADE TR S, 18 KM% minkz
Yot Ui, 207 Brbk b Hie v % Ie6 AR &S 2 2ick Y MIBZER X
BREOW LM BR SN,

B9 1%, 2D7 Diabody (2D7DB) DEFITH 5.

®10ABLUE1 0BIX, 2D7 Diabody DHEER TR LR THS, K10C
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IX C0S7T CH—BMRBALRLEEETHD,
11ABXUR1 1BiX, C0S7 *c*——@mh%ﬁéﬁt 2D7DB w%mﬂﬂ!ﬁ%ﬁ%ﬁ

' %/1_ Lf\.@f&)éo

B 1 2%, COS7 BT RE S W 2DTDB DM EEEE R LR TH D,
K562 B (K1 2A) | Jurkat Mg (K1 2B) ZRVWTITo7

K1 8k, COS7T T—iBMEICFEI S ¢  2DTDB OMREEREMER LI TH B,
RPMIS226 fa (K13 A) . IL-KM3 #ER (&1 3B) . U266 #fa (M1 3C) .
ARH77 #Ef2 (K11 3D) ZRWTIT=72,

1 4%, %854 2DTDB OBFEMEIZHRER LIS T T TH D,

1 51%. T5i 48 RERBARICI3\T B MEY 2D7DB I & D MRRISERHHE R LRI TS
5. ARHTT %L (El15A) . Jurket #B2 (M1 5B) . K562 #ila (15C) .
Hela #if8 (K1 5D) #AWVWTITo 7. o

=1 6 . B 48 RERIRICION BB 2DTDB I X B MIISERE &R LARITH
%, U266 #Hfe (K16 A) . IL-KM3 #ika (121'1 6 B) ?rﬁﬁwfﬁ_or:o |

B1 7% 2D7B (2 pg/ml) WX DHMEHFENF A ha—ARRLERTH
%. 12 BERH & 38 BERHIC I AEMER L £ TR e, ARHTT IR (K17 A) |
Jurkat i (K1 7B) ZHAVWTITo7.,

1 8FL. 2D7DB (2 pe/ml) KX BHIAEHHOF A L2 —RERLERTS
5. 3 EEH D 6 BEICHIT BMEMEH Y 2T, ARHTT A (K11 8A) | Ju
rat il (B18B) RAVTEok.

193, 2DTDB iz BMBFEITA T B Z-VAD-FUK DZFATR LEEThH B, A

R BRIV, Bl 16 RIS,

20 I:’c oD7DB 1= k. B #RAFEITE T 5 Z-VAD-FMK OBRER LI TH Do J
urkat ;‘fﬁlﬂafzﬁﬂwr iK% 16 R T o 7,

2 1 1%, 2D7DB iz X 5 #HRAFEAS DNA DB {LICfED RV T & &R LtEE*c
HD, MRFESEEE 24 RRARIITo %,
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@2mx2mmmwmﬁﬁﬁﬁﬁmﬁ?éﬁ4bﬁ?%mm%@%%&tﬁ
%%ﬁ?ﬂf&&JﬁW%ﬁé?&?VE%M%H?&6%4Fwﬁv&mmx
i LML T = LT LY 2DTDBIC & > CHMl & 5 MIBITEIC RS L CHE
HETRTIOILRoT, A ' |

R2 3i%, MENOT 7 Fr LBORTE, RERGI - THEBRET
TEHCH B, ARNIT MY EFORMEFTRGS RS, HT 7 FVRETT
7 Fv% () . Hoechst33258 THffaRk% (%) At L7z, 2D7DBILE L7k
72 FUBMR LTV,

2 4%, 2D7 Diabody 2t MEEEIE< Y REFMTBVT, MFEFDE b I¢6
(hIgh) WED EAZMHIT S L &R LERTHD, 7—F 3T+ T
. Vehicle #5RE L 2D7 Diabody B 58 & ORIIC. IHOE t REITISWVT
BAEZE (x: p<0.05) BEELE,

2 5f%, 2D7 Diabody 23t MEBEE< Y REFMCIVT, ERBREET
BZLERLERTHE, Vehicle G5 2D7 Diabody BEFE L ORI, —#
fls Wileoxon RECBVCHERE (+ : p<o. 05) BHEFEL, |

X 2 6§, PBMC iZxi$ % 2D7DB DIER &M LK TH D, <1 bF U IZiXPH
kM(@ZGA)\mm(mzaB)B;Umm(Qzec)%mv%;it\@
2 6 DIk A M UHEETCORRETL, H2 6 ERBIIR (ARHTT) TO
ERYRY, LoEC, 207DB FEIRIN. 3 KA. 24 RERBIRIICORERER
EDS '

RO % W35 7 D OR B OB |
BT, ABREAEIC LY, & b AEIICRITT 5 BARIEZ I b 5H
FICHRS 2D b O TR,
(1) Rk | _
v kI u—<#Ela (RPMIS226, K562, ARH77) . t h T%Mﬂﬁemﬁ%mﬂﬂﬁ
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(Jurkat) . FDC-P1, HCI-16, KUY 2D7 A 7Y R—<filatk (BEKFH

) 1310% % SRERMIE (FCS) % &ts RPMIL640 fiHls (GIBCO BRL #BY) T.
kI r—ifEkagk (IL-KM3, U266) XA MIC T 2 ng/ml IL6 R & D

| ABY) RV L ST, Ba/F3 IXFISEHAIC 2 ng/ml IL-3 (R & D A8%) Z WML

TEHCHR LT, 7 COST, 2931, Hela, NIH3T3 & UFBOSC23 i% 10%FCS &&
Te DMEM R (GIBCO BRL A-8Y) T. CHO i o -MEM f5H5 (GIBCO BRL B +5%FCS
¥ 721k 10%FCS THEF Lc,

(2) X2 & —DIE

CFP BEF 2 A NVARFRIAyF—Pr I T5V hayA)VARS 2 —pll
X~GFP ¢ GFP 345 7-415i% BeoRI-Sall TEID H LB e, = OFURIC, BstXI si
te P Lici>7 F7#— (M1) (ABI DNA synthesizer TR, in vitr
o TF=—/LERHA) EHAL. D2 & Lk, |

(3) DNASA TS Y—nEE

RPMI8226 #f8 & ¥, Trisol (GIBCO BRL#Y) # MV \TEISIZ L D Total RNA
PR L, S5IT, 2@ Total RNA 200 pgd 6. uMACS mRNA Isolation kit

(Miltenyi Biotec 38 # VMt &hicv=a 7 VEITRE> TuRNA ZHERL
7‘:; 3.6 pg® mRNA ZEHEIC LT v & A~ ¥=— (SuperScript Choice Sys-
tem for cDNA Synthesis; Invitrogen) %MAVVT cDNA &M L7k, BstXI 74
7% — (Invitrogen #8Y) #FIHRMICERE L7z, T cDNA %, BstXI THIKTL7Z
pMK2 A2 & —{z4BA L. ELECTRO MAX DH10B (GIBCO BRL #8Y) i1 hmAL
s a VB VWA LE (2.5 KV, 200 Q. 25 uF) . Z0O%, 1ol O SC %
Mz 3T°CT—BEA ¥ a— kL, 4%V Er—// LB+Amp 1 nl ZHNX.
—IRE A F—F w7 ERAL, BYIZ-80CIREFLE, BoNEFATTY
—%. 1 Y=l ) 1000 7 B—ATR B & D12 96 R L— k2 I 200 11/

W= (7%DMSO/LB+Amp) THEXAHL, 3TCT—HER L, ZO7 p— k> 4

Y24y (4000 2 m—4y) RTLESY U AY IBEHE (4 ml) —AITAHE L
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ke ThE—on7—L L, &Y DY = UTHONTHRIROBIEZITV. B
I V— b kY 24 PN EERLEE, £7 1% STCTBERKE DN
PTEL QIAGENHB) . Sy r—Vr IRM~D T AT =7 v a VIZAW
Vo, MECERLESVb— MIZRARZ V—=V 7 CHEATS ¥ C-80°CIARTEL
o | |

(4) Bk

oDT Bk, TS A BN SHILBIK 0.5 nl % Protein A Hi Trap Affinity
column (Amersham Pharmacia #) ICRESRIDD, Igb Eﬁé 0.1 M Sodiu
m Citrate, pH3.0 TEEHiL. EMRL7%, ZhzEv by ay (M-105 IYH
7) TEMELEOLPBS Iy 77 —EBEITV, %ﬁéﬂ’ﬂci N—# L 5.34 mg D
Gk Bie, ThoEHELT-20CIEELE (BE0.89 pe/pl) o

(5) FACS

SISO YEATE 1 mi EDTA/PRS CHEFLZ 1IAS L, FREMIE P4 HR DENT
# FACS Buffer (2.5%FCS, 0. OZ%NANS/PBS) B L. 2D7 Hifk (BHEIREE 10
pe/ml) E&Te buffer (5%FCS/ PBS) HITK ET—RFAIIV 7z, FACS Buffer T

Beis4E. FITC-Hi< ¥ R IgG (Imnunotech #HHY) ¥A¥RH (1:150, 50 z1 FACS Buf

fer) T, K ET30HMREESE, Th FACS Buffer C 2 [EIZe¥ %, ELITE (CO
ULTER #H80) TR 24T o 72, |
(6] VhmUALREBYR

) vhaYANRS: =D

VbR oA LA /ff—V/%mm'ezbé BOSC23 #ERgIX, PV ART = Vs
VEITEIWC 6X10° cells/Y =)V 2 ml T6 V=47 L— MTHNTRWE, FF ¥
2722 Y 2 VU TFORECH o7, &7 —VHERTT A KON 1 ug kCat
L C FuGENE 6 Transfection Reagent (Roche ##) 3 p1 ZIRWEIERT 20 &
VWegk, B R THY Y BOSCS MBI X o, E DBk 37°CT 48 R
M SR T L7z, 3000 [FEET 5 45380 LIEABLE IR e SE3eW 7 4 VR
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BELTHERA LK,
(ii) DANRER _
BT 1X10° cells/V =/v 2ml 'é 6 7 =7 L— RV e NIHSTS fifa %, &
)7Ly (hexadimethrine bromide; signa) 10 g/ml ZFEM LAY A LA 1

ml G 24 RS L7e, TORT Ly va R 15 nl MR E BIC 48 KW

R BTV, TORBETRIE FACS ITX YT L7,
(7). ki |
@M% lysis buffer (0.5%Nonidet P-40, 10 mM Tris, pH 7.6, 150 mM NaCl,
5 oM EDTA, 1 mM phenylmethylsulfonyl fluoride, 5 ug/ml aprotinin) T¥
BMUEDOD, B L TRBEEAYRE cell lysate & L, THIC, 207 Hifk 1
4 g BB £CT 4B V% 2<— b L. 3l&HEE nagnetic protein G (Biol
ag.*:iﬁ%) PMZESHIT 1A V¥ a—k Lk, ZORBEBREEE lysis buf
fer T 3 [El wash L SDS-PAGE 21727, \.0)/7*11/%':%{‘1‘0)'?,-.17114\.12&0 TR
guts, (B—L%) Lic, —FHRTFRL—I 2V ATHREDHIT, SDS-PAGE BoY
V% ProBlott (Applied Biosystems HBY) WEEL, 7e—7 A —RER (0.
1%coomassie blue R-250 in 40%MetOH/ 1%acetic acid) T—HRRELIE. 5
0% MetOH CTEETER L7tk BEOD/Sv FaE1Y L. 1 ul DDW T5 EPEELE
BHEZEJRL, XTF R —7 o —iThidic,
(8) 2D7 Hidk& AV KT v & A |
ARl 96 rj\;r.;w"y—— MZ 1X10° colls/ml CPMA (50 ng/ml; GIBCO BRL),
PHA (10 z1/ml; GIBCO BRL) T?#:E‘Fi T I FEFE T T\ e, £ZiT 2D7 ?)‘iﬁ:
(10 pg/ml) EFIEIXIEARNE 48 FAOEER L, B%. MIROFEREL
% EEARGE T ORISR L, AMBEdEIT. WST-8 (AMIRSERIERE SFi T4 7 A
FRY) WL, 37CT 2 RFHEEE. D FRET D Z & TR AN

- EERRELR.

(9) ZwvRVUIITXAHKREEY
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Jurkat HI2% 8X 10° cells/ Y =/VC 24 U=/ L — hiCHE, 2D7 PURFFEE
T (65 pg/ml) FRIIFHFEFT, & b icHie ¥ A g6 (Fo)¥fifk (Cappel 3HBY)
£10 pg/nl WM LTE, 48 REMEICHIIGZENR L. PBS TSR A Y ) =BT
0%IBEEIC /D X 5T, —20°CT 15 3BV e, M FACS Buffer CEEITL
4% . Hoechst33258 % 10 u g/ml JREE CHOMULEIRT 30 574 V¥ a~—b Lk,
B FACS Buffer CHERAZ¥EIE L. AT KT TR O LV HRRE T T LA
ETHORTERE L.
(10) 207 RO #—= v
T ATV K= GEBRFELVHE) LY total RNA % Trizol ERWTE
BEIC L DRB LT, ZORNA 3ug BEFAITL T, SMART RACE cDNA Amplificatio
n kit (CLONTECH HED %, T Ow =2 T THES T cDNA 2 &R L, T
O cDNA #8581z LT heavy chain, light chain ORZEGIRELT DTFA=—
ERGTRRIEICE V RIBET o, |
heavy chain: 5 - CAGGGECCAGTGGATAGACTGATG (BRFIZES : 9)
light chain: 5 — GCTCACTGGATGGTGGGAAGATG (EFIES : 10)
HiE & N e & FIESSEISE = — 95 cDNA 1 pCR-TOPO vector (Invitrogen HED
oy ey y UEERS] (ESER : 1BE03) BRELE.
(11) 207 Diabody FHY & —D{EH |
S DN BT I m—=y F LIS TAS FEEEIT LT Heavy chain,
RO, Light chain OWEFE (VL) 2XhTNBTOT7A ~—C LY HIE
L7, o
Heavy chain
2D7DB-H1: 5 —CCTGAATTCCACCATGCGATGGAGCTGGATCTTTC (BEHES: 11 )
2D7DB-H2: 5’ -AATTTGGCTACCGCCTCCACCTGAGGAGACTGTGAGAGTGGTGCCCT (ﬁaﬁug%
12)

Light chain
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9D7DB-L1: 5 -TCCTCAGGTGGAGGCGGTAGCCAAATTGTTCTCACCCAGTCGCCAGC (EE&‘IJ%% :
13)

- 2D7DB-L2: 5’~ATTGCGGCCGCTTATCACTTATCGTCGTCATCCTTGTAGTCTTTTATCTCCAACTTTGTC
 CCCOAGCC (BEFIES @ 1 4) |

THIT X D HIE L VH, VL D% cDNA 2—2DF 2—TTRELIHITPR K
SEfTofk, ZO PCR EEW) & 658 LC, 4 EEiX 2DTDB-H1, 2D7DB-L2 & 7T A <
—{z LCHEEE PCR RIS 24TV, VH & VL35 mer ®Y AR A TR L o
DNA (BEPIBS : 5) AML%k. =0 cDNA % EcoRI-Notl SI L. BY¥iRkISEZ.
22 B —pCXND3 @ EcoRI-NotI FIZ#A Lz, A% HesB L 2D7 Diabody 3
.7 ¥ —pCXND3-2D7DB DIELZ KT L7, |

(12) cos7 g CO—RERE

SCXND3-2DTDB, 3B\ ay ha—Ak LTED~Y #—2 pg LTS
VA7 =y 3 BRI (LT-1, MIRUSHEY) 641 ERMAOv=a2 TN TR
&L, @y (OPTIMEM, GIBCO BRL) ICHHiszde iz COST MG (M1RIC 1
X10° cells/V =/L"T6 727 L— MW b D) ITIRINL 7, 5 FREICL
200 1l ZEML2 BA5 3 AMEHR L, TOREHERINL, EMTEY
MR R E L 8 LT MR B R ORIMEBRIC AV,

—J5 5% LR o 2D7DB ORBIY=AF LT By ML DR L, 72b
b, BE LEO—ERICE B D 2XSDS-PAGE Sample buffer EMZ., AT 1ys
is buffer (0.5%Nonidet P40, 10 mM Tris, pH 7.6, 150 mM NaCl, 5 mM EDTA)

P CERE L DB. B L TRELE SR E cell lysate HTHEL 21T
%5k ©> 2XSDS-PAGE Sample buffer ZMA e, 4927/ % SDS-PAGE #%. PVDF X
|ZBEE L. $iFLAG ik C 2D7 Single chain OFEHEIRH L7,

(13) 207 Diabody EEL SEEAMMIPR AR ST

Pv’uI. CEIT LB g4k L7 pCXND3—2D7DB 20 u g % CHO R (DXB11 #K) LtLJ‘F D
Iy brRlb—va VR IV BALE,
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CHO #la% ice—cold PBS T 2 [EI¥ei: L7c# 1X107 cells/ml 2725 & 3T PBS
L7, Thic20 pe®LEFIRI FERAL, BE/ VA (L5 KV, 25

WD) &5 T, EEREATHIEARL 10 on dish (HE 22, MBI 50
0 zg/ml G418(GIBCO BRL #BY) FAET THERIToT, AF Lican=—%~30
ryu— @Gy s 7y 7L, TNLEREEEDO Diabody DRBEEEZ VT RS .
AT AN 'ﬁ‘ﬁ&f:o BLRBEDOEN Ty u—1 % 5 il MIX 2 St 7
) —0 MEM o BEHEICHERER . &R TREEARIIRE L TR by 2 L,

(14) 207 Disbody DAEHEM -

T-125 75 R 2 CHF a7 = o 2D7DB FBEEL CHO WERA#R % Trypsin-EDT
AT LI —5 —& bV (Mo without nucleotide + 5%FCS 250 ml) i
B L. 4 BRICHIEIEERELPBS T2 ERR Lz, 0%, BhLE LT sE
¥ 1z CHO-S-SFMII %Z3h (GIBCO BRL #+Y) 250 ml iZE#L 3 BMERZTo B
#EEFEN L, BOICXo TRMIEEZRELER T A VF—2BLTINE
B AV, o |

Single chain Fv @ﬂ%ﬁmu‘r‘@ ERVIToMk, T, Anti-Flag M2 U J A
EIR U753 bW % Apply LR S¥ 7%, Zh# Buffer A (50 uM Tris-HC1 pHT.
4, 150 mM NaCl, 0.01%Tween 20) C wash L7e#. Buffer B (100 mM Glycim; H3.
5, 0.01%Tween 20) C Single chain Fv BWEM U, Ell&bfc*}‘/in}t:tﬁ%t:
ff@iﬁﬁ 25 MM IZ7 % & 5 12 Tris-HC1 pH8. 0 THFI LTz, T EVE#EE Superde
x200HR (26/60) 7 T KT X B A NV AEEERIZ AV iz, 0.01%Tween 20 & 2e PBs o
NG single chain Fv @ dimer fraction %Ellbz L. BIX LY T O—8%
SDS BRIKENR JUMBREEITV. BROBAABEHEENTWIZ L 2/HER L
%I AL, 2D7 Diabody FBUES L L, |

(15) 2D7 Diabody I & 5 ARIFEFHBEER

AR MBI DBEIE, 2~5X10° cells/ T =MTRD X HIT 24 Y= VT
L N icHEB R e, RIS, REBL L7 2DTDB B, BBV 21571)13 —iEME
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RELESETe C0ST D LE 2 MRS 1T > 7, 2D7DB & —EICTRR &
W7e COST 35k LV £ VLB AL T O LIBOREN 0% 25 X5 T

fe. AU =L bISHORE0.8~1 nl/ Y =TT ok, Jurkat R SR e
| XBPAIL. DTDB OIRAIRIC Con A (TAKO H8D #HRE 2 pe/ul KRB XD

luﬂﬂ#lu%bu L7,

AHEAEE (Hela) DFAIL. 2X10° cells/V=MTIRD LI IT 6 r7 =T
MCHBRA R E —BERT 5 2 L TR RS S, £ @&i‘é‘iﬁqﬂ WAL
7= 2D7DB % ¥&H0 L e,

-2D7DB % FSH0 LB b Bk o o th, U E 0 Mz EIX L,
AF3E#ERGI% 1 oM EDTA/PBS THERRA 1345 L CEMX L 7%, ice—cold PBS THil%
vash L. BEHOw=a 7 Mo TT & b= Aw—t—T#H% Amexin V, &
U, TR~ —Y — T 5 Pl CHEa% 5L L (TACS AnnexinV-FITC Apoptos
is Detection Kit, TREVIGEN Instructions#8l) , Zd%. flow cytometory %
T S N ARSI A £ RE L (PICS ELITE, COULTER) .

(16) Actinomycin DIz X BHAIIFEFHEE

%ﬁmﬁt;’ﬁ?ﬁmﬂﬂé 9~5X10° cells/W = MR B L HIT 24 U= VT L — MTH#
Wik, THR =V AOFBRREYEET S BT AN—BEER (Z-VAD-FMK,
7a 2 H) &%2&& 50 uM CHRML 2.5 B4 % 2X— b Lictk, MIRSEHS
BiTolk, Actinomycin D i= X AHRKASEHEE TIX Actinomycin D (sigma #30) %
1 pg/ml (Jurkat), H3WIX5 pe/ml (ARHT7) ¥RHIL. 2D7DB I X % HHQZERS
SIS 2DTDB % 2 pg/ul (K25 X 5 IR L e, MIBFEFEM D 16 Riflik
AR 2 EIR L. Annexin V, PI THERRZ R LT, |
(17) 2D7 Diabody % AV e HRAQIEFEY v & A

KA 06 77 = LT L— MT 1~2X10° cells/ D = /L ORIBIEEE THV Ve,

CF T 2DTDB A ENAREEICRSD L5 HMNL.-3 BREHMREOREEIToT.

AR ORI EIX. WST—S ERVTTol, TRbLAREY 10 p 1/ =/ TH
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RICIRIIL 37CT 15 R, IR T 0D HRIET 5 = & AL
AR SE B L, BTEBDEIRIZ, (1- (0D, of 2D7DB treated cells / 0Dy
of 2D7DB untreated cells)) X100 (& ) FH L7, | |
(18) DNADETHILOKRE |

ARHTT, Jurkat #BHE% 2X 10° cells/ ¥ = /VOMMRE 2B L HIC6 Y=AVT
L— hITiE, FRENO Y =T 20708 BB 2 pg/ml T,
Actinomycin D IEMIBEE | pg/ul (ARHTT), HBVNE5 pg/ml (urkat) 2

LS REMT 5 L CHIBRRSERTo %, ERMbBMLAVL Y=2vEal

Fa—ak Lk, 24 RefHER% R % EIX L PBS THIkRE —EIFEH L. lysis
buffer (10 mM Tris pH7.5, 10 mM EDTA, 0.5%Triton X-100) CHELTc, Bl& |
GEXELT B L TRREEBREERVZ%,. ZhE RNase A, Proteinase KALE
Lic, 0%z 0—EETHa—X L TERKB 21TV, 2 2<F 2 DNA DI
e gt Ui, | |

(19) ¥4 bHTYV DRI BMBEHSEE

ARH77#RRS %, 5X10° ceils/ = VHIRBREIC 2D & D24y =T — MR
X YA PITIUD (signattl) EHBEE20pg/mlicRB XD ITMATE, EiT.
) —NOBEMRIEY =AER Y br— L Ui, 1RSSR, WRLE
2DTDBEAJREE (0, 200, 500, 1000ng/ml) THIZ. X &iCARMEEEAT o7,
ORI EIR L, PITRET S 2 & CRAROBAZRE L.

(20) 2p7DBALER LisHBRDHLT 7 F iR VSR RE

FA P T o DI/ FAABOARIT TN, 2D70B% 1 pe/mlIBEETMX,
3TCTISAIER Lk, Ml A FRAEVIREYVRATA FIFRALITMESE
e, 20CORF )M IEHBL THREEE Lk, Tay%y sy 77—

(3% BSA/PBS) TAC 1B yX v LB E2{Toik, TOR, 1% BSA/PBSEP :
flOO{%%%?EE LIcCYSIERT 2 7V Hilk (signattll) 2ZIET1RMRISSER
1;,@ 8| &85\ CHoechst33258 CHIEIEE & Yuts L7z, PBSCHREIBEH: L7cth. AN
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L EATEANEE (F U LS R) TR 2B LT,
[SRHEFI 1] ARRMIBIKICISU B 27 FUROFETARAT
cDNA BERTATTY —ERID T B D source T EMEAIER, BIL FEID

TREMBRERET BT, AMBIRMRICIST B 207 FURDFEBE FACS I &
DEEFLE (M2ABXUR2B) . TOMR, b bAERMRRARTIZY >/
| WEEERNTHE RPUIS226, U266, TN, Jurkat < 2D7 HUROIERICIR S HIMEEE

SN, K562 THRERBHC LBl <7 AHRMRMAITSH S Ba/F
3, FDC-P1, HCI-16 CIAEDEWVIC L AL REVPFR THE» T, FEMI
TﬂiC%ﬁZ%RH&at%hf%%ﬁﬁ%b%hto772NW%3%@?H\
LA CRERR LIRS T, |

DLEDREAY —Linb, BRI n—=1 F IS DNA T4 75 U —0> SOURC
Eﬁwmm%mwﬁ\it%ﬁ?%fﬁv~%§lbfxaU—:yﬁmﬁm?'
AL NTH3TS SRBIASEEI T o B L ¥ L7, |

[EHEHI2] DT HEDS m—=vS

(1) EAE »bOI/u—=v7 |

2D7 ﬁﬁé%ﬁt—cwé RPMIS226 #HHd. U266 MR, I LU, 2D7THREFEIL
TUM2V NIH3TS 4B L U cell lysate ZFAML, 2D7 Hilk CHREBULBEAToTc,
Z DFER. RPMISZZG, U266 AR THEMIT precipitate & H0F (~12kD) &
wEREhie (B3) . ZOHFix2D7 ?ftﬁ:bi; % western blot 'G‘kbﬁ&_i Shipu
2. B &b DT HECIXEERE L precipitate ShBDT, DTHREDOD
Dy HBVIL, DT FIRL ORUATFTHB T & BB PRSI, "

FrT, IORY FEI e —RELEBETVHL, RIFR—I R

| FFolee TORER, =0 12k OHFOEKIIB2I 70/ uT Yy (B2M) TH

2z LB ok, BAILHA class I LEEARATLATEY T A MCE
A ED—oTh B L b, B2 IE 2T HKIC XD HLA BAKE LTHIEL
TExbDEEZLND, HA class I X, HRBRICSLEReL, a2 FASLY,

i
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B, BM LHESTB el RALUDDERD, 2D7 FlsB M 5 FakLETED

rrmb, 2D7 BifkiX HLA class Iﬂ)al—az RAALVEZE F—TL L'C%EE&L

CNBLFEEND,

(2) B|EFORBRIn—=V7 |
oD7 HURIE TN RPNIS226 X DR L7z nRNA 225 7 AT Pv—itd Y e
DA B AR L, ChAEL koA~ F—pi2 AL, LhRYANVA
BRI S5 )RR, AT Y —DFA S EWTRER, b=
6 X 10° Zu—rEEATHWBI RSl ik, ZDGATZI—&D
24 ﬂﬁl@& u~—:/%§2/§f’._b~l:t°\y&7~y7"bun::--—PCR oL oy— oA
SR PT kR, cDNA average length LB X 1.5kb Th B Z BT,
foT. EBUERAT A 75 ) —HBRs 0 —=> VK HHERTETHS

YW L7,

H4ABLUEABI. UFORY Y —=V FORNETRT, —KAV ) —=

+ //C¥ 4000 > independent 27 m—>% 1 7=k & LT 24 7 (86000 7
DA ML, &7 AT FEBOSCBMIIZ R RT = FFHIL
TL FRTAARRSR Y r— DY Lk, EORBOLNEET—IVEARTAIVA
% NIH3T3 MBI R & ¢ ic, B3 B SRR A L, 2DT FikClE LTtk
FACSIZ& D BB BT ole, TORR. BT F—EROYA VA '(;1 v hm
—JV) %F@é &7z NIH3T3 fifa & ik L T 2D7 B MR AR TR DT LS 2

4 S 3T ATRY b (T4, 18, 2,

Ric A7 ) —= o CRRIE o e F— 4, F—7 13 % 1000 fAD indepe
ndent 727 B—r M55 SN ABCHB LKA Y —=v P EfTol. £
DR, BT—ABb—oFo, BoIRBET—LEED bk ([B5A, 7
L 4-4, T—13-1) , & BT —/V 13-1 % 160 {ED independent AL/~ F—V
BT B T, 21 FIAEIL, SKAS ) == 7 BT, TO0BET
(85 B. 13-1-11, 13-1-21) ¥AELIE, BOTT—L 13-1-11 % 20 fAD 7 B




10

15

20

25

WO 2004/033499 - PCT/JP2003/013063

| =37 - .
BB T 8 BEHTERAS Y —= 7RV, BET— (R’ C,
13-1-11-5) &%& 7.
Z O F—NE LB FL— MR 64 O = g =—%—2FoRNENENE 96

_7;N7V~Bmlﬁzwfoﬁﬁbtom®ﬂ85m~vﬁ%17—WkLT

g8 77— (1~8) %, itﬁ@ﬂson—yﬁ&17—wabrsj—w(mv
H)&WEL EW279—~/7%ﬁoto%®#% T W3468&U7~
JVE,F, G 2% positive '@3307‘\_7‘._5?)\_0)?"%7%6 12 {8 ® positive ﬁﬁﬁ n—r%
G5z LATERE (M6A) . Z0 12MEI2VT FACS 70, HHAIT 420
mgumau—v(wAawﬁQﬁmwﬁWK%%énéﬁ—an»vkLrﬁ
g&hie (B6B) .
oy R DA v MBSO — s T AEBAERER, 40 b Human
MHC class I HLA-A-6802 D2 cDNAERFITH B Z L RS, |
m#ﬂm&+ﬁﬁ%@nju54fkﬁﬁénfw5 SRDIv—=VTD

#2E. HLA class I 0D A%6802 &5 T ZATH DT HFRE LTREENRA,

2Nﬁ¢ﬁb&b£ﬁ&ﬁﬁ@%%ﬂ#é;k#6\ﬁﬁ%/wzkbfﬁot
PM&%W@fwmAd%sI®A7H547ﬁtitiM%Mﬁbtkw5ﬁ
T oT. T HERETONTE S TRETHA class [HTFERBBT S
s Thi BRI DN,

[EHEp] 3] HEREMRPRIC OV TORY

oD7 FEASHBREERE A LTV D2 &, BAMED leukenia JAIHE (K562,
hﬂﬂ,wm&%)%ﬁOQ%AT$totk\_ﬂB;ﬁfwmﬂﬁﬁw%ﬁ
B3, K562 (BREAE), Jurakat,RPMlséza (k) Th o7z,

K562, Jurkat #EA% PHA & PMA BT, FEFE T THE, Z iz 2D7 Hifk% 10
udﬂfﬂxtoMﬁﬁ%k%ﬁ&ﬁ%bt#ﬁaﬂﬂ%%ﬁf%émwﬂﬁ

-?imﬂﬁWDEMTZDW%kE40t§ﬁ%w6h&#otm D7 B <

%ﬁbfwéJmhﬂ%ﬁ?ﬂﬂﬂﬁ@@%mklU%&Emmﬁ%mﬁ%ént
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(M7BBLURTC) « LirLAAsD, 2D7 RN X 5 Sl gl &

Aol (BTA) . iz PHA PUAFINGC X U TEHL S Jurkat AERIIZRL

T b 2D7 2 & B HIEMAIIRRIC R b iz h o 7,

&bz, 2D7 BHEMRL T 3 B RPMIS226 MRSV TIRFARICK LT 2D7 Hik
BHRMLTY, MEOMER, M Aol BB 5 2ot (B7D) .,

wiz, 27 FFIC EFCT/'T.'V R IgG(Fe) ik EME, PilkE s mAY V7 &
B = & TR R bV E BT, Jurkat KN 207 FHEAEEET, A
ETT. SbHivy R g6 ZMIEREITV, 48 Feis, HMuBcE Hoechst332
58 THua LTI IS R A OW AL BBH b s MERLE (K8) o
Z D8R, Jurkat MIEUCRHWT, 207 2 ELIHAETI RAY LI THILTHE
O A BE S N, MIERFRESR TV T LD T, |

[ShEpi4] 207 U FIERIRE =— R4 5 DA O n—=V T RBITTFHRS
1% Diabody DHEYE | '

<17 % 1gG2b @ heavy chain, light chain DEFEFRHT BT T v —&1E
B, SRACEEEIT LY 2b7 AR % 2 F¥TBDNA DI u—=T%fToTk,
Bt iz PR EMOEEESIIEFIES : 1BIV3IRLELBYITHD,

1i°C = OEFIE b & K€ single chain OB F-%, MOBLUE10AK
4 512 2D7 single chain it. heavy chain ™Y —H——p TR, heavy

chain OFIZGERL. 7 LT mer @V > h— (66GGS) HI:& A T light chain ®

- TSR, ZF D% AIC flag-tag & = — K95 cDNA (BFIEF : 5) 7b>6#%52-é o

B, 2D7 Diabody IXZ @ single chain 2% dimerize 372 Z & T 1 0 BIT/RY
Lo RMERTRT DL EZOND,

[Z#515] 2D7 Diabody DHIISEETHIEMAT
(i) C0S7 C—iMIT B & @7z 2D7 Diabody DEFETEIE

907 Diabody BT & —% COST M h T A7 =2 kL, 3 AficHRE
R EW Ui, #53% bW, R cell lysate & SDS-PAGE Lt Flég—tag PUET we
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stern blot 4T o Tkt E. 3% EIEHIT 207 single chain BFWEHTNAT

rapERENE (®10C) , |
= DR L% Jurkat SIRLIC 50%OEIA THRN LK B &K% PI. RUA A

 nnexin V TR B = & CIEARROBA HRE Lz, Jurkat ML, HiBS-1H

f, 207 Bk (%5 pe/ml) EWMLICET TRTR F—Y A=A RER
%@a%bbn&motoit\&a&émk%b?vz7=7%btmmw%
% LTI bhisd o, —%, 2D7DB £ FEE ¥k C0ST DR
EfE MLk Jurkat SEEITIE, B O RMRESBEABO O (R11AKE
UK 11B) .

&m\abmmsﬁmAdmsIAﬁE%KW%LTwé*téﬁﬁéﬁwf
HLA class I A #RELTWARWVWE L RSN TS K562 Mz AV TREROR
&%ﬁoto%o#%\mmMimﬁamwmﬂbfmmmﬁﬁﬁﬁﬁ%%wt"
HLOD, m&%ﬁkﬁbrﬁé<%@%&ﬁé&mot(@12Ak;0@12
B)o_@_amemmmwwmmﬁﬁﬁﬁm%@xtb—7f&6mAdms
I A X LIERTHD L BN KFanTe, T, Jurkat LD 2D7DB
iC BB MIE con A THIEK L7 MB 05 BET Tl B AE O & 5 e AT
P INY IS | |

IO I = a—< BB R 5 2DTDB DYEFE R ARYT L 7o, RPMIB226, IL-KM
3, U266, ARHTT 27 #—DHE+F VAT =y b LIEBRERE (2 bu—
V) . $HBVNZ 2D7DB FHL COST HEE EFF L A v % a~— b L. A% Annexin
V, PI TTESREL Flov cytomeﬁer RN LTz %@ff&%ﬂxfﬂ@fﬂﬂﬂ@% 2D7DB
b DA vEA— Mok Y EEICMIEAHES D Z L BRLPI R T (B
i 3A~E13D) . |
(ii) #EE L7 2D7DB DHERREETE

FERU L7 2D7DB OATEARIER (RPMI8226, ARH77, U266, hﬂm)k%#é%ﬁ
MEIZRIC OV TN L7z, 2DTDB % 0, 0.5, 1.0, 2.0 pg/ml THEML 3 A%
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CRER W L, ZORE. Th b OMIICK L CRERIFIC MR E
BT Lot (R14) -
wu\%@mmm&mmbw%ﬁ&tmmmv~w—vaam,mmﬁnwé
Yo CREATRAT o 7c, T ORER, C0S7 T—BMICRILE W 2DTDB & AV R0
R L R Jurkat, ARH77 23t L CIREEIKTFROIC MIBRSER W53 L, K562 iTiZE
o R AR L BB oT (B15A~K15C) . &7 U266,

TL-KM3 {23 LC b 2D7DB #SAN 48 R IC3E LV HBRRSEREETE MY b hvic
(K16 ABLXUK16B), . .

L. HENNICH B Hola MRGICH LT, = ORI 2D7 HACHERIT X <
B SN B LD BT, FHT DB H2< BEERIES hvok (E15
D) ., ZDZ kb, 2D7DB iXMERFRARIER EYREHIC OB RERIIIERT D
AR AR & i,

G T. 2D7DB 12 & BRAIFESEIE M F < BV ORI THE SN B DT
Ufeo ARHTT, Jurkat §HSIC 2D7DB % 2 pg/ml THRAIL. 12, 24, 38 RefEICHE
BMEER L, MR —y—CRE L, £OMRE, WTIhoMiD 12 g
B REABE SN TV AT Lo (R17ABIUR1T7B) , TZT,
SHICRVRT (3R 6 B IR B HMREBE LT, BT bic2
DIDB IR L TH b 72< & b 3 RELINICMBFE L T 5 = & 53R b F
Bybﬂ:f;ort (M18AKBXUK18B), :m@;ﬁ%m 2D7DB 13FEF TR
HIRABTERREREHT 5 T L AR TS, SOX D IC B EA
WREABET 50T, EVDTERATL A REDIEETES, SbIT, v
hole HikAMRIC IR 2 MRS MIEH 278 L HEICH., MREBHORSH b
22 ORTENES S NS 5, Diabody L3 Z 2IZED. TOLH RIEEL
Y7 ENBILBEZILND, |

i, 2DTDB Iz L BRIBFER L R — Y DL R - TEI X BRI ShB,
PBBTHE bV AR LB bOME 5 Do THI AT ole, B19, M2 0
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CRT & 9T ARHTT, Jurkat #fa% 7 A b— Y AHFEHITHD Actinomycin DT
SLEE | 16 BEAE4RIC Annexin V, PI THERRZ R 5 LEREIC T X h— L ABHE
Shi, ZOFMET ThHS 5 LMEE D 2 —CREHFThHS Z-VA-FIK T 2.

‘5%@%@@?6&AdmmwhDGLl67ﬁF*92ﬁ@ﬁéhkok:éﬁ;

mmBklorﬁﬁénéﬂmﬁuﬂwmﬂmLiéﬁﬂﬁ%ﬁof%iot<
m%éntmoto_newﬁ%me mmBMﬁXA—E%GLLﬁ$®7f
b—&zwwﬁkmﬁ&a%o&%kxormmﬁ%%ﬁbfwégkm%Bm
whrott,

Enizz ;k%ﬁ%Tétb 7HR bV AT D B bR AL FRIRL
kLTﬁBnTméﬁnv?ymmwﬁﬁmmﬁbf%%ﬁ&ﬁoto

ARH77, Jurkat #fifa% 2D7DB(2 ug/ml). %\ i Actinomycin D L 24
RS2 IC DNA XX L, BARBIETof (M21) , TORE, THE—VX
%ﬁﬂ?&éAammwmDﬂﬁbt%ﬁﬁm?hﬁ?fb VADRTH D
DNA DT A EBFHE STV, £EDO—FT, mmmﬂﬁbtmwfmmékw
mﬁ%%ﬁb56%§®mmm%mMLrwét%%bemmwwﬁmué<,
I ohiahol, SORE»D L, 2D7DB IT X B4R, 7R F— T ADH
W AEDRVKRAOMBE TH S = L BB XS,

PL_E O#ESR X ¥ 2D7DBIZ & B HEMASEIL 2 E T BT D ARESERE B & 13
ARBEBRENLTEERIENTVWBE I Byh o, £ T, 2DTDBIC L 57
BFERED A B = AL EBLBICT B, & BIAEITo%. ThETOR
B, MEFUICZDTDBE RS &5 b MIMBASREE STV SRT AT T L
FUIBE SN TV, T Enb, DDBRT 7 F U BRI b hORE

BIELTWA LRI L, TOTRMICELTRNT 2R, T7FVEGHE

ﬂ(#%bﬁi&oﬁ)%%mwﬁméﬁ;zmmwmﬁE%%EﬁKﬁTé%%

: LO\/‘TW%{TO Tn...o

ARHTTHEBRIZ A b1 T D (20ug/ml) % itmiﬁ/—wwﬁ(:/bn—
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) B, 1BRE#%C2DTIBE £ YA CMA e, 2DTDBARIND: &ARHRA ¥ =
R MR ER L, PIRaRTWEMRORARREL: (M22) ,
DR, F4 F 8T DTH b UOMREMET 52 LItk Y DDBICHT
RS ARATB - b Rt ott, TOREND. BT OENSTTH B
HLA-classIACIEST B - & T, 727 F VR EHIREBRRMOPOEREZRIEL |
HIFEA ST 5 = L SERE e,

¢, 2D7DBEER é’d‘fc;’ﬂﬂﬁﬂ%‘? 7 FUHRTREL, 21)71)13@%%0311 (el 7
BB R DB LI OV TR RO RIBAT 21T o 7z, ARHTTHERIIZ2DTDBZAEA
SRIBHBICA S ) —VCEELMIADT 7 F> (F) ORTFRREREIC X
DT (R 2 3), FORE, 2DIBIMBEOBIT AT, DBICL Y MEAT
7 FUBBRBE L LTV ARFIBRE SR, |

Sl EDRER S, 2DTDBIC & BHERLSEIX, HLA classIAICHSE L7c2D7DBASHERIN
7 FUBHRRMET B - L TR HET ShTV 5 TSR R Ehi,
ZhIL, ChETRESHTORY, £HLVWY A TOMBEFERETH D,

[ 6] 2D7 diabody Dt NEHEIEE T VB TOIRSHHER

(1) e MEREE< T RETIVOER

b MEBE~ U R EFAIUTOX 5&:4@%1,7‘:0 ARHT77 i (ATCC) % 10%
v VB RMTE (GIBCO BRL #H8Y) &% RPMI1640 35 (GIBCO BRL #t8Y) T 2.5
X107(E,/uL i2 25 X 5 CH L. 52 LHEIRRAT &7 0 oL Fifk (Fost
SRR 0.2 mg ZBRARE L SCD< YA (XA, 8RR, BEXZLY) e
LR ARH?T SEBARRIE 200 4L (5X 1058, <9 2) BEMIRE D EA LR,

(2) BEFEOR |

oD7diabody #H5% A . WEBE L7 PBS() RAVT, 0.8 ng/il KRB &S
PRSI L., BEBUsE L

(3) Hifrses | |

(1) ML MY REFICH L. ARNTT SRR 1 A B X
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p.1H 2@, 3B, k& (2) THELFHERE% 10 nl/kg I2T. BEIR
L5 L, BRMSB (vehicle) & LT, IHBMEE L7z PBS() ZRFRIZ1 A2

E. 3 M. 10 nl/ke ioT, BBIRE D BE L, HAKERHZ 1BET IL, vehic
L BERII 1RSI T ot |
(4) wUALEE b 16 R

<Y AMBERICBIT S, b F“%Bﬁﬁmﬂﬂ#%&?%e b IgG DREEIT, LT D
ELISA TiTolc, 0. 1%EREBEIR (pHO. 8) T1 pg/nl AR Liz¥¥HiE
TG Hifls (BIOSOURCE #) 100 pL % 96 7 =7 L — bk (Nunc #:8Y) Tz,
ACT—HhA V¥ ar—avl, HikeEERLLE, TuyRrrofk, ERE
FRUZ<y AOFEHL WIERE LTE b igG (Cappel #L8) 100 pL Z ¥R
L. SR 1 B v et m v Lie, Pk, 5000 AR LT A0
THRT 7 5 —PEWHE b 1g6 Btk (BIOSOURCE #8Y) 100 uL &AM, SR
T 1A ¥ at—Ya vy Lk, EFE. ZEEERENA, 1 VFa—Ta
D, MICROPLATE READER Model 3550 (BioRad B BT 405 nm @g{j’c

ERWEL. BROL b 10 OREEL Y BONERRMSD, <Y AMEFO

b IgGREZRH L,

(5) HUEHEIROE |

2D7diabody Dt hEHEE< 7}%#»@:%1‘*9‘5%@4%&73%&:0»\1& MR
BAIEHIRAREEAT A b Ig6 MEZ U0 E) o<y ALFEFORDOE(L, BT
AFHRCHM L, vV AMEROL b Ig6 émﬁ{mcowﬂi ARH77 #mRa
Wil 24 B B ICIEEREML,. LR (4) T~ BLISA 2HVTE b Ig6 &%

| WE LIz, EORR. Vehicle BB TIX, MIEE b IgG (M¥ VROR) BBY

Tdpg/l ETERLTVBDIH L, 2D7diabody #58 Cr BB AR EI
1< (P<0. 005, REORV t ) . 2D7diabody 2% ARH77 FRRDIEFE R FERIC

ERHEILTWA D e REE (H24) , —F, AFHMCoVWTHR25

RS LB Y., 2D7diabody HE5RETIX vehicle ## 5 & bl L THE RAFHIMN
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DIER B DT, | .
BB, 2D7disbody At MEMMEY Y AEFACH LT, FBEHRERT
5T AR E N, AFEWIOD 2DTdisbody OHIEHESIRIL. LRI A T B
EFRIEIES LB X bID, -

[S#Ef1 7] PBUC iz B 2D7DB DAERARMT

o sk MEBEER (peripheral blood mononuclear cell, PBUC) (ZH-% 2D7DB
DY BT LTe, BEERART V7 4 7 OFRREM & Y HLEELIREC T PBIC %
%&Lto:wmm&v4%EvﬁETitu#ﬁETﬁmR7v~bumq
0° cells /1 mL /7 =T\, =4 M /ATIRT 4 T INF=UM ®
HA-M. Roche Diagnostics, MEJREE 10pg/ml), 3 HF/3Y /A (Conh, Wako,
3735 10;tg/mL5\ SAC (Pansorbin Cells, Calbiochem, #iRE 0. 01%) & AV 7e,
W&%JV*n&—ﬁ~KTWtKT3Eﬁ%%L\%%%T@Mﬁﬁ%ik
ﬁ3ﬁﬁﬁﬁmmm%%ﬁEZMmmK&5I5KKMLto%%%TﬁKAme
xin V. PI CZEYE L (Annexin V—FITC.Apoptosié Detection Kit I, Pharming
en) 7 —¥ 4 h A—%—(EPICS XL, Coulter) &;'Cﬁ@ffﬁ L7, e RBEMERRE LT
<A WFVHIHETICT, ARHTT & 2.6X10° cells /1 nl /9 =)0 24 REfGEE.
$8 L. PBUC & FIARIC LT 2D70B L RUS S RTE
PWC@%%‘MMﬁnVJE#%Ef&5%W@OQQH7XFEV#?ET
YL, 29%. 23%. 25% (K 2D7DB FEURMN, 3 RERVRAN, 24 REOMUSAL, BUFRD.

AN AFHE T CIL, 20%., 45%. 42%. ConAFFHET TiL, 22%. 30%. 34%. SAC "

FFETFCIL. 31%. 38%. 40%Thof (K2 6A~E26D) o ARHIT OB,
16%. 56%. 58% Chofc (M2 6E) o LA EA 2D7DB IR PBUC IZ131%

L ACEEEERT. <A FFCTERG Uk PRIC R TR

5T LRBLHL R,

E¥ ORI B oFAEE




5
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ARAKCX T, ﬁkt?%’ti@ﬁﬁ?ki’ﬁﬁk%%{#?%éB@k%ﬁéﬂ’bé
B FILGEZERTHZ }:'C“ BVEBHTOTOREDPHMETE, S Mx.\

R L BTN RIS b0 LG TES, i, BRRSROERLS
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<221> CDS
 <222> (103).. (546)

<400> 1

tacgactcac tatagggcaa gecagtggtat caacgcagag tacgegggga atctatgatc 60

agtgtcctet ctacacagtec cctgacgaca ctgactccaa cc atg cga tgg age 114
Met Arg Trp Ser
1

tgg atec ttt ctc ttc cte ctg teca ata act gca ggt gtc cat tge cag 162
Trp Ile Phe Leu Phe Leu Leu Ser Ile Thr Ala Gly Val His Cys Gln
5 10 ‘ 15 : 20

gtc cag ttg cag cag tct gga cct gag ctg gtg aag cct ggg get tea 210
Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys Pro Gly Ala Ser
25 _ .30 35

gtg aag atg tct tgt aag get tct gge tac ace tic aca gac tac ttt 258
Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr Phe
| 40 45 | 50

ata cac tgg gtg aaa cag agg cct gga cag gga ctt gaa tgg att gga 306
Ile His.Trp Val Lys Gln Arg Pro Gly Gln Gly Leu Glu Trp Ile Gly
55 ' ' 60 65
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tgg att ttt cct gga gat gat act act gat tac aat gag aag ttc agg . 354

Trp Ile Phe Pro Gly Asp Asp Thr Thr Asp Tyr Asn Glu Lys Phe Arg
70 75 80

'ggc aag acc aca ctg act geca gac aaa tcc tec age aca gee tac att 402
Gly Lys Thr Thr Leu Thr Ala Asp Lys Ser Ser Ser Thr Ala Tyr Ile
85 . 90 , 95 100

ttg ctc age agc ctg acc tct gag gac tet geg atg tat ttc tgt gta 4560
Leu Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Met Tyr Phe Cys Val

105 _ 110 115

agg agt gac gac ttt gac tac tgg ggc cag.ggc acc act ctec aca gtc 498
Arg Ser Asp Asp Phe Asp Tyr Trp Gly Gln Gly Thr Thr Leu Thr Val
120 125 130

tcc tca gee aaa aca aca ccc cca tca gtc tat cca ctg gee cect get g 547
Ser Ser Ala Lys Thr Thr Pro Pro Ser Val Tyr Pro Leu Ala Pro.Ald
135 140 145

<210> 2
<211> 148
<212> PRT

- 213> Mus musculus
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<400 2

" Met Arg Trp Ser Trp Ile Phe Leu Phe Leu Leu Ser Ile Thr Ala Gly
1 5 10 - 15

Val His Cys Gln Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys
20 | 25 30

Pro Gly Ala Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe

35 | 40 45

Thr Asp Tyr Phe Ile His Trp Val Lys Gln Arg Pro Gly Gln Gly Leu
50 55 60 -

Glu Trp Ile Gly Trp Ile Phe Pro Gly Asp Asp Thr Thr Asp Tyr Asn

65 70 75 _ 80

Glu Lys Phe Arg Gly Lys Thr Thr Leu Thr Ala Asp Lys Ser Ser Ser
85 90 | 95

Thr Ala Tyr Ile Leu Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Met
100 105 110

Tyr Phe Cys Val Arg Ser Asp Asp Phe Asp Tyr Trp Gly Gln Gly Thr
115 120 125

Thr Leu Thr Val Ser Ser Ala Lys Thr Thr Pro Pro Ser Val Tyr Pro




WO 2004/033499 . ) ) ) PCT/JP2003/013063
5/17

130 135 140

Leu Ala Pro Ala
145

<2105 3

<211> 535

<212> DNA

<213> Mus musculus

220>
<221> CDS
<222> (103).. (534)

<400> 3

ctaatacgac tcactatagg gcaagcagtg gtatcaacge agagtacgeg gggactwatg 60

agaatagcag taattagcta gggaccaaaa ttcaaagaca aa atg cat ttt caa 114
Met His Phe Gln
1

gtg cag att ttc age ttec ctg cta atc agt gce teca gtec atc atg tee 162
Val Gln Ile Phe Ser Phe Leu Leu Ile Ser Ala Ser Val Ile Met Ser
5 10 15 20
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aga gga caa att gtt ctc ace cag tcg cca gea atc atg tet gea tet - 210

Arg Gly Gln Ile Val Leu Thr Gln Ser Pro Ala Ile Met Ser Ala Ser
25 30 35

ccaAggg gag aag gtc acc ata acc tgec agt gec age tca agt gta agt 258
Pro Gly'Glu Lys Val Thr 11e Thr Cys Ser Ala Ser Ser Ser Val Ser
40 45 ' 50

tac atg cac tgg ttc cag cag aag cca ggc act ttt ccc aaa cte tgg 306
Tyr Met His Trp Phe Gln Gln Lys Pro Gly Thr Phe Pro Lys Leu Trp
55 60 | 65

att tat agc aca tcc aac ctg get tot gga gtec cct act cge tte agt 354
Ile Tyr Ser Thr Ser Asn Leu Ala Ser Gly Val Pro Thr Arg Phe Ser

70 75 80 .

gge agt gga tct ggg acc tet tac tet cte aca atc age cga atg gag 402
Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile Ser Arg Met Glu
85 90 95 _ 100

get gaé gat gct gee act tat tac tge cag caa agg acg agt tat cca 450
Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Arg Thr Ser Tyr Pro.
105 . 110 . 115

ccc acg tte gge tcg geg aca aag ttg gag ata aaa cgg get gat get 498

Pro Thr Phe Gly Ser Gly Thr Lys Leu Glu Ile Lys Arg Ala Asp Ala
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120 ' 125 : 130
gca cca act gta tec atc tie cca cca tec agt gag ¢ 535 -

Ala Pro Thr Val Ser Ile Phe Pro Pro Ser Ser Glu
135 140

<210> 4

<211> 144

<212> PRT

<213> Mus musculus

<400> 4 _ _
Met His Phe Gln Val Gln Ile Phe Ser Phe Leu Leu Ile Ser Ala Ser

1 5 10 16

Val Ile Met Ser Arg Gly Gln Ile Val Leu Thr Gln Ser Pro Ala lle

20 .25 ' 30

Met Ser Ala Ser Pro Gly Glu Lys Val Thr Ile Thr Cys Ser Ala Ser
35 40 45

Ser Ser Val Ser Tyr Met His Trp Phe Gln Gln Lys Pro Gly Thr Phe

50 55 60

Pro Lys Leu Trp Ile Tyr Ser Thr Ser Asn Leu Ala Ser Gly Val Pro
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65 . 70 75 80

Thr Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr Ile
| 85 90 | 95

Ser Arg Met Glu Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Gln Gln Arg
100 105 : 110

Thr Ser Tyr Pro Pro Thr Phe Gly Ser Gly Thr Lys Leu Glu Ile Lys

115 120 125

Arg Ala Asp Ala Ala Pro Thr Val Ser Ile Phe Pro Pro Ser Ser Glu

130 135 1 140

<210> 5

<211> 789

<212> DNA

<213> Artificial Sequence

<220>.‘

<221> CDS

<222> (14).. (775)

<223> Description of Artificial Sequence:an artificially

synthesized DNA sequence
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<400> 5
cctgaattee ace atg cga tgg age tgg ate ttt cte tte cte ctg tea 49

Met Arg Trp Ser Trp Ile Phe Leu Phe Leu Leu Ser

1 5 10

ata act gca ggt gtc cat fgc cag gtc cag ttg cag cag tct gga cct 97
Ile Thr Ala Gly Val His Cys. Gln Val Gln Leu Gln Gln Ser Gly Pro
15 ) 20 25

gag ctg gtg aag cct ggg get tca gtg aag atg tct tgt aag get tet 146
Glu Leu Val Lys Pro Gly Ala Ser Val Lys Met Ser Cys Lys Ala Ser
30 - 35 40

ggc tac acc ttc aca gac tac ttt ata cac tgg gtg aaa cag agg cct 193
Gly Tyr Thr Phe Thr Asp Tyr Phe Ile His Trp Val Lys Gln Arg Pro
45 50 55 60

gga cag gga ctt gaa tgg att gga tgg att ttt coct gga gat gat_aCt. 241
Gly Gln Gly Leu Glu Trp Ile Gly Trp Ile Phe Pro Gly Asp Asp Thr

. 65 70 75
act gat tac aat gag aag ttc agg ggc aag acc aca ctg act gca gac 289
Thr Asp Tyr Asn Glu Lys Phe Arg Gly Lys Thr Thr Leu Thr Ala Asp

80 85 90

aaa tcc tcc age aca gee tac att ttg ctc age age ctg acc tct gag 337
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Lys

gac

Asp

gge
Gly
125
att

Ile

" aag

Lys

tgg

Trp

aca

Thr

Ser

tet

Ser

110

cag

Gln

gtt

Val

gtce

‘Val

tte

Phe

Ser

95

geg
Ala

ggc

Gly

cte

Leu

acc

Thr

1017

Ser Thr Ala Tyr Ile Leu Leu Ser Ser Leu Thr

atg

Met

acc

acc

Thr

ata

Ile

- 160

cag

Gln

- 175

tce

aac

cag

Gln

ctg

Ser Asn Leu

190

tat tte

Tyr Phe

act ctc
Thr Leu
130

cag tecg
Gln Ser
145

acc tge

Thr Cys

aag cca

Lys Pro

gct‘tct

Ala Ser

100

tgt gta
Cys Val
115

aca gtc

Thr Val

cca gca

Pro Ala

agt gcc

Ser Ala

gge act
Gly Thr
180

gga gtc
Gly Val
195

agg
Arg

tee

Ser

atc

Ile

age
Ser

165

ttt

Phe

cct

Pro

agt

Ser

tca

Ser

atg

Met

150

tca

Ser

cce

Pro

act

Thr

gac gac
Asp Asp
120

ggt gga
Gly Gly
135

tct gea

Ser Ala

agt gta
Ser Val

aaa ctc

Lys Leu

cge tte
Arg Phe
200

105

ttt

Phe

gge

Gly

tet

Ser

agt

Ser

tgg
Trp
185

agt

gac

Asp

get
Gly

cca

Pro

tac

Tyr

170

att

-ile

ggce

PCT/JP2003/013063
Ser Glu

tac tgg 385
Tyr Trp

agec caa 433
Ser Gln
140

gegg gag 481
Gly Glu

165

atg cac 529 -

Met His

tat age 577

Tyr Ser

agt gga 625

Ser Gly Ser Gly
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tct ggg acc tet tac tet ctc aca atc age cga atg gag get

Ser Gly Thr Ser Tyr Ser Leu Thr Ile Ser Arg Met Glu Ala

205

210 215

get gee act tat tac tge cag caa agg acg agt tat eca cee

Ala Ala Thr Tyr Tyr Cys Gln Gln Arg Thr Ser Tyr Pro Pro

225 - 230

gge tcg ggg aca aag ttg gag ata aaa gac tac aag gat gac

Gly Ser Gly Thr Lys Leu Glu Ile Lys Asp Tyr Lys Asp Asp

240 ' 245 250

aag tga taagcggecg caat

Lys

<210>
<211
<212>

.
253
PRT

<213> Artificial Sequence

<220>

PCT/JP2003/013063

gaa gat 673
Glu Asp
220
acg tte 721
Thr Phe
235
gac gat 769
Asp Asp
789

<223> Description of Artificial Sequence:an artificially

"~ synthesized peptide sequence
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<400> 6

" Met Arg
1

Val His

Pro Gly

Thr Asp

50

Glu Trp
65

Glu Lys

Thr Ala

Tyr Phe

Thr Leu
130

Gln Ser

145
Thr Cys

Lys Pro

Ala Ser

Trp Ser Trp Iie Phe Leu Phe

5

Cys Gln Val Gln Leu Gln Gln

20

Ala Ser Val Lys Met

35

Tyr Phe Ile
Ile Gly Trp

Phe Arg Gly
85
Tyr Ile Leu
100
Cys Val Arg
115
Thr Val Ser

Pro Ala Ile

Ser Ala Ser

165

Gly Thr Phe

180

His

Ile
70

Lys

Leu
Ser
Ser
Met
i50

Ser

Pro

Trp

55
Phe
Thr
Ser
Asp

Gly
135

Ser

Ser

Lys

Ser

40

Val

Pro

Thr

Ser

Asp

120

Gly

Ala

Val

Leu

Gly Val Pro Thr Arg Phe

12/17

Leﬁ Leu Ser
10
Ser Gly Pro
25
Cys Lys Ala Ser
Lys Gln Arg Pro
60
Gly Asp Asp Thr
75
Leu Thr Ala Asp
90
LeubThr Ser Glu
105

Phe Asp Tyr Trp

Gly Gly Ser Gln
140

Ser Pro Gly Glu

155
Ser Tyr Met His
170

Trp Ile Tyr Ser

185

Ser Gly Ser Gly

Ile
Glu
Gly

45
Gly
Thr
Lys
Asp
Gly
125
Ile
Lys

Trp

Thr

Ser

PCT/JP2003/013063

Thr Ala Gly
15

Leu Val Lys
30 |
Tyr Thr Phe

Gln Gly Leu

Asp'Tyr Asn
80
Ser Ser Ser
95
Ser Ala Met
110
Gln Gly Thr

Val Leu Thr

Val Thr Ile

| 160

Phe Gln Gln
175

Ser Asn Leu

190

Gly Thr Ser
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195 200 | 205
Tyr Ser Leu Thr Ile Ser Arg Met Glu Ala Glu Asp Ala Ala Thr Tyr
210 215 220
Tyr Cys Gln Gln Arg Thr Ser Tyr Pro Pro Thr Phe Gly Ser Gly Thr
1225 , 230 235 240

Lys Leu Glu Ile Lys Asp Tyr Lys Asp Asp Asp Asp Lys
' 245 250

210> 7
<211> 29
<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:an artificially

synthesized adapter sequence

<400> 7

aattcccage acagtggtag ataagtaag 29

<210> 8
<211> 29
- <2125 DNA

<213> Artificial Sequence
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<220>
<223> Description of Artificial Sequence:an artificially

synthesized adapter sequence

<400> 8

tcgacttact tatctaccac tgtgetgeg - 29

<210> 9
<211> 24
<212> DNA

<213> Artificial Sequence

220>
<223> Description of Artificial Sequence:an artificially

synthesized primer sequence

<400> 9

' caggggccag tggatagact gatg ' 24

<210> 10

<211> 23

{212> DNA

(213) Artificial Sequence
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<220>
<223> Description of Artificial Sequenéeﬁan artificially

synthesized primer sequence

<400> 10

gctcactgga tggtgggaag atg 23

210> 11
211> 35
<212> DNA

<213> Artificial Sequence

220>
<223> Description of Artificial Sequence:an artificially

synthesized primer sequence

<400> 11

cctgaattecc accatgegat ggagetggat cttte 35

<210> 12
211> 47

. <212> DNA

<{213> Artificial Sequence
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<220>
223> Description of Artificial Sequence:an artificially

synthesized primer sequence

<400> 12

aatttggeta ccgectccac ctgaggagac tgtgagagtg gtgeccet 47

<210> 13
211> 47
<{212> DNA

<213 Artificial Sequence

220>
<223> Description 6f Artificial Sequence:an artificially -

synthesized primer sequence

<400> 13

tcctcaggtg gaggeggtag ccaaattgtt ctcacccagt cgecage 47

210> 14 .
211> 68
<212> DNA

<213> Artificial Sequence
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220>
<223> Description of Artificial Sequenée:an artificially

synthesized primer sequence

<400> 14
attgeggeeg cttatcactt atcgtegtea tccftgtagt cttttafctc caactttgtc 60

cccgagece 68
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1 - Translation of WO 2004/033499

DESCRIPTION
CELL DEATH-INDUCING AGENT

The present invention relates to minibodies of antibodies that recognize HLA.

Background Art .
The HLA class I antigen is formed by a heterodimer of a 45-KD a chain comprising

three domains (al, a2, a3), and a 12-KD B2 microglobulin. The main role of the HLA
molecule is to present CD8'T cells with antigenic peptides, formed from about eight to ten
amino acids produced inside cells. As such, it plays a very important role in the immune

response and immune tolerance induced by this peptide presentation.

By ligating HLA class IA antigens with antibodies, cell growth-suppressing and cell
death-inducing effects have been observed in lymphocytes, suggesting that HLA molecules may
also be signal transduction molecules. | , |

More specifically, for example, there are reports showing cell growth suppression of .
activated lymphocytes by the B9.12.1 antibody against the o.1 domain of human HLA class 1A,
the W6/32 antibody against the a2 domain, and the TP25V.99 and A1.4 antibodies against the a3
domain (non-patent literature 1, 2). Furthermore, two types of antibodies, MoAb90 and
YTHB862, against the a1 domain have been reported to induce apoptosis in activated
lymphocytes (non-patent literature 2, 3,4). Apoptosis induced by these two antibodies has
been shown to be a caépase-mediated reaction (non-patent literature 4), and therefore, HLA class
IA antigens expressed in lymphocytes are also speculated to be involved in apoptosis signal
transduction. _ ,

Furthermore, the 5SH7 antibody against the a3 domain of human HLA class IA
(non-patent literature 5), and the RE2 antibody against the o2 domain of mouse HLA class [A
(non-patent literature 6) have been also reported to induce cell death in activated lymphocytes
and the like. However, in contrast with the aforementioned apoptosis-inducing antibodies
MoAb90 and YTH862, none of the cell deaths induced by these antibodies have been shan to
be mediated by caspase. Accordingly, cell deaths due to SH7 and RE2 are predicted to be of a

~ type completely different from conventionally known apoptosis mechanisms.

As described above, there are numerous reports of the cell growth-suppressing actions
and cell death-inducing actions of anti-HLA antibodies. However, the antibodies used herein

are all in the molecular forms of IgG antibodies, F(ab’)2, or Fab. To date there have been no

reports that cell death-inducing activity is enhanced by reducing the molecular weight of

antibodies, as in F(ab’)2 and Fab.
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2 Translation of WO 2004/033499

The 2D7 antibody is a mouse monoclonal antibody obtained by immunizing Balb/c
mice with human myeloma cells (non-patent literature 7). The 2D7 antibody has been observed

" to bind very specifically to the cell surface of various lymphoid tumor cells, however, antigens

recognized by the 2D7 antibody have not been identified.

Prior art llterature relatmg to the present invention of this application is shown below.
[Non-patent Document 1]  Fayen ez al., Int. Immunol. 10: 1347-1358(1998)
[Non-patent Document 2] Genestier ef al., Blood 90: 3629-3639 (1997)
[Non-patent Document 3]  Genestier et al., Blood 90: 726-735 (1997)
[Non-patent Document 4]  Genestier et al., J. Biol. Chem. 273: 5060-5066 (1998)
[Non-patent Document 5] Woodle ef al., J. Immunol. 158: 2156-2164 (1997)
[Non-patent Document 6] Matsuoka et al., J. Exp. Med. 181: 2007-2015 (1995)
[Non-patent Document 7] Goto, er al. Blood 84: 1922 (1994)

Disclosure of the Invention

The primary purpose of this invention is to provide minibodies of antibodies that
recognize HLA class IA. A further objective of this invention is to provide novel therapeutic
agents for tumors or autoimmune diseases that utilize these minibodies. ‘

To identify antigens of the 2D7 antibody, the present inventors used random hexamers
to synthesize cDNAs from the mRNAs purified from the 2D7 antigen-expressing cells,
RPMI8226. These were inserted into the retrovirus vector,'pMX, and a retroviral expression
library was produced. The retrovirus expression library was packaged into a retrovirus by
transfection into BOSC23 cells. 2D7 antigens were screened by infecting NIH3T3 cells with
the virus thus obtained, staining these with 2D7 antibody, and then using FACS to perform
expression analysis. Cell lysates were then prepared from RPMI8226 cells and U266 cells
expressing the 2D7 antigen, and 2D7 antigens were identified by immunoprecipitation. Asa
result of these examinations, 2D7 antigens were proven to be HLA class I molecules.

Since the molecules recognized by 2D7 antibodies are HLA class IA, the present
inventors examined whether 2D7 antibodies have cell death-mducmg activity. More
spemﬁcally, Jurkat cells were cultured in the presence or absence of 2D7, with anti-mouse IeG
antibody also added. Cell nuclei were stained 48 hours later with Hoechst 33258, and then
checked for cell nuclei fragmentation, which is characteristic of dead cells.  As a result, hardly
any cell death-inducing activity was observed in Jurkat cells with 2D7 antibody alone; however,
by further cross-linking the antibody with anti-mouse IgG antibody, nuclei fragmentation‘ was
observed, a showing conﬁrming that cell death was induced.

As described, because cross-linking with an anti-mouse IgG antibody is necessary‘for

2D7 antibody to induce cell death, it is difficult to clinically apply the 2D7 antibody to tumors or
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autoimmune diseases. Therefore, the present inventors examined the effect of reducing the
molecular weight of the 2D7 antibody on cell death induction. More specifically, genes
encoding the variable regions of the 2D7 antibody were cloned from hybridomas. The 2D7
antibody was then made into diabodies using genetic engineering techniques and the effects on

cell death-inducing activity was examined. Surprisingly, the 2D7 antibody converted to

- diabodies showed strong cell death-inducing activity within a very short time and at low doses,

even without cross-linking with an anti-mouse IgG antibody. Fuithennore, the diabody hardly
acted on normal peripheral blood-derived lymphocytes and adherent cells, and specifically
induced cell death in various myeloma cells, T cell leukemia cell lines, and activated _
lymphocytes. The above-mentioned results show that the minibodies of antibodies recognizing
HLA can be utilized as cell death-inducing agents.

More specifically, the present invention provides the following [1] to [23]:
(1] aminibody that recognizes a human leukocyte antigen (HLA);
[2] the minibody of [1], wherein the HLA is an HLA class I;
[3] the minibody of [2], wherein the HLA class I is an HLA-A;
[4] . a minibody derived from a 2D7 antibody;
[5] the minibody of any one of [1] to [4], wherein the minibody is a diabody;
[6] a minibody of any one of (a) to (d):

(a) a minibody comprising the amino acid sequence of SEQ ID NO: 6;

(b) a minibody functionally equivalent to the minibody of (a), and comprising an amino
acid sequence with a substitution, insertion, deletion and/or addition of one or more amino acids
in the amino acid sequénce of SEQ ID NO: 6;

(c) a minibody comprising the amino acid sequences of CDRs of SEQ ID NOs: 2 and 4;
and _ » |
(d) a minibody functionally equivalent to the minibody of (c), and comprising an amino
acid sequence with a substitution, insertion, deletion and/or addition of one or more amino acids
in the amino acid sequence of the CDRs of SEQ ID NOs: 2 and 4;

[7] amethod for producing an HLA-recognizing antibody having increased activity by
cohvening the HLA-recognizing antibody to a low-molecular-weight antibody; :
[8] the method of [7], wherein the HLA is an HLA class I;

[9] the method of [8], wherein the HLA class I is an HLA-A,;

[10] a method for producing a 2D7 antibody having increased activity by converting the 2D7
antibody to a low-molecular-weight antibody; '

[11] the method of any one of [7] to [10], wherein the conversion step comprises conversion to
a diabody;

[12] the method of any one of [7] to [11], wherein the activity is a cell death-inducing activity
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or a cell growth suppressing activity;
[13] = a cell death-inducing agent, comprising as an active ingredient the minibody of any one of
[1] to [6], the minibody produced by the method of any one of [7] to [12], or a 2D7 antibody;
[14] the cell death-inducing agent of [13] that induces cell death of a B cell or T cell;
[15] the cell deathQinducin'g ageht of [14], wherein the B cell or T cell is an activated B cell or
activated T cell; ‘ ' _
[16] a cell growth-suppressing agent comprising as an active ingredient the minibody of any |
one of [1] to [6], the minibody produced by the method of any one of [7] to [12], or a 2D7
antibody; .
[17] an antitumor agent comprising as an active ingredient the minibody of any one of [1]to
(6], the minibody produced by the method of any one of [7] to [12], or a 2D7 antibody;
[18] the antitumor agent of [17], wherein the tumor is a blood tumor;
[19;] a therapeutic agent for-an autoimmune disease, wherein the therapeutic agent comprises
as an active ingredient the minibody of any one of [1] to [6], the minibody produced by the
method of any one of [7] to [12], or a 2D7 antibody; o
[20] the cell death-inducing agent of any one of [13] to [15], wherein the antibody is a diabody;
[21] the cell growth-suppressing agent of [16], wherein the antibody is a diabody;
[22] the antitumor agent of [17] or [18], wherein the antibody is a diabody; and
[23] the therapeutic agent for autoimmune disease of [19], wherein the antibody is a diabody;

| The present invention provides minibodies that reco'gnize HLA. The minibodies of
this invention are useful since their activity is elevated. Herein activity refers to a biological
action that is caused by binding an antibody to an antigen. Specific examples include cell
death-inducing actions, apoptosis-inducing actions, cell growth-suppressing actions, cell
differentiation-suppressing actions, cell division-suppressing actions, cell growth-inducing
actions, cell differentiation-inducing actions, cell division—_inducing actions, and cell
cycle-regulating actions.  Cell death-inducing actions and cell growth-suppressing actions are
preferred. |
' The cells that become the target of the above-mentioned actions, such as cell
death-ind'ucing actions and cell growth-suppressing actions, are not particularly limited, though
hemocytes and suspended cells are preferred. Specific examples of hemocytes include
lymphocytes (B cells, T cells), neutrophils, eosinophils, basophils, monocytes (preferably
activated peripheral blood mononuclear cells (PBMC)), and myeloma cell.s, while lymphocytes
(B cells, T cells), and myeloma cells are preferred, and T cells or B cells (particularly actiVated B
cells or activated T cells).are most preferable. Suspended cells refer to cells that, when cultured,
grow in a suspended state without adhering to the surface of culturing vessels of glass, plasﬁc or
the like. On the other hand, adherent cells refer to cells that, when cultured, adhere to the
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surface of culturing vessels of glass, plastic or the like. _

In the present invention, administration of the minibodies that recognize HLA can treat
or prevent diseases such as tumors including blood tumors (hematopoietic tumors) (specific
examples include leukemia, myelodysplastic syndrome, malignant lymphoma, chronic

myelogenic leukemia, plasmacytic disorder (myeloma, multiple myeloma, macroglobulinemia),

. and myeloproliferative disease (polycythemia vera, essential thrombocythemia, idiopathic

myelofibrosis)), and autoimmune diseases (specific examples include rheumatism, autoimmune
hepatitis, autoimmune 'thyroiditis7 autoimmune bullosis, autoimmune adrenocortical disease,
autoimmune hemolytic anemia, autoimmune thrombycytopenic purpura, autoimmune atrophic
gastritis, autoimmune neﬁtropenia, autoimmune orchitis, autoimmune encephalomyelitis,
autoimmune receptor disease, autoimmune infertility, Crohn’s disease, systemic lupus
erythematosus, multiple sclerosis, Basedow’s disease, juvenile diabetes, Addison’s disease,
myasthenia gravis, lens-induced uveitis, psoriasis, and Behchet’s disease).

In the present invention, HLA refers to human leukocyte antigen. HLA molecules are
categorized into class I and class' II. Known examples of class I are HLA-A, B, C, E, F,GH,]J,
and such; and known examples of class II are HLA-DR, DQ, DP, and such. The antigens
recognized by the antibodies of this invention are not particularly limited, so long as they are
HLA molecules, preferably molecules classified as class I, and more preferably HLA-A.

In the present invention, a minibody comprises an antibody fragment that lacks a
portion of a whole antibody (for example, whole IgG). The minibodies of the present invention '
are not particularly limited so long as they can bind an antigen. There are no particular
limitations on the antibody fragments of the present invention, so long as they are portions of a
whole antibody, and preferably contain a heavy chain variable region (VH) or a light chain
variable region (VL). More preferably, the antibody fragments contain both a heavy chain
variable region (VH) and a light chain variable region (VL). Specific examples of the antibody
fragments include Fab, Fab’, F(ab’)2, Fv, and scFv (single chain Fv), but are preferably scFv
(Huston, J. S. et al., Proc. Natl. Acad. Sci. U.S.A. (1988) 85, 5879-5883; Plickthun “The
Pharmacology of Monoclonal Antibodies” Vol. 113, Resenburg and Moore Ed., Springer Verlag,
New York, pp. 269-315, (1994)). Such antibody fragments can be prepared by treating an
antibody with an enzyme, such as papain or pepsin for example, to generate antibody fragments,

_ or by constructing genes that encode these antibody fragments, introducing them into expression

vectors, and then expressing them in appropriate host cells (see, for example, Co, M. S. et al.,
1994, J. Immunol. 152, 2968-2976; Better, M. and Horwitz, A. H., 1989, Methods Enzymol. 178,
476-496; Pluckthun, A. and Skérra, A, 1989, Methods Enzymol. 178, 497-515; Lamoyi, E.,
1986, Methods Enzymol. 121, 652-663; Rousseaux, J. et al., 1986, Methods Enzymol. 121,
663-669; Bird, R. E. and Walker, B. W., 1991, Trends Biotechnol. 9, 132-137).
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The minibodies of this invention preferably have smaller molecular weights.than a

whole antibedy, however, they rnay form multimers, including dimers, trimers, and tetramers,

" and the molecular weights may become greater than that of the whole antibody.

A preferred minibody of this invention is an antibody comprising two or more antibedy
VHs and two or more antibody VLs, in which each of these variable regions is linked directly or
indirectly via linkers and such.  Such linkages may be covalent bonds or non-covalent bonds, or
may be both. An even more preferable minibody is an antibody comprising two or more |
VH-VL pairs formed by non-covalent bonding between VH and VL. In this case, the distance
between one VH-VL pair and another VH-VL pair is preferably shorter in a minibody than in a

‘whole antibody.

A particularly favorable minibody of this invention is a diabody. A diabody is a dimer
formed by bonding two fragments, in which a variable region is linked to another variable region
via a linker and such (for example, scFv) (hereinafter referred to as diabody-constituting
fragments), and usually comprises two VLs and two VHs (P. Holliger et al., Proc. Natl. Acad. Sci.
USA, 90, 6444-6448 (1993); EP404097; W093/11161; Johnson et al., Method in Enzymology,
203, 88-98, (1991); Holliger et al., Protein Engineering, 9, 299-305, (1996); Perisic et al.,
Structure, 2, 1217-1226, (1994); John et al., Protein Engineering, 12(7), 597-604, (1999);
Holliger et al., Proc. Natl. Acad. Sci. USA., 90, 6444-6448, (1993); Atwell et al., Mol. Immunol.
33,1301-1312, (1996)). The bonds between the diabody-constituting fragments may be
non-covalent or covalent bonds, but are preferably non-covalent bonds.

Alternatively, diabody-constituting fragments may be bound by a linker and such to
form a single chain diabody (sc diabody). In such cases, linking the diabody-constituting
fragments using a long linker of about 20 amino acids allows diabody-constituting fragments on
the same chain to form a dimer via non-covalent bonds to each other.

DiaBody-constituting fragments include those with a linked VL-VH, linked VL-VL, and.
linked VH-VH, and are preferably those with a linked VH-VL, In the diabody-constituting
fragments; the linker used to link a variable region to a variable region is not particularly limited,
but is preferably a linker short enough to prevent non-covalent bonding between variable regions
in the same fragment. The length of such a linker can be appropriately determined by those
skilled in the art, and is ordinarily 2 to 14 amino acids, preferably 3 to 9 amino écids, and most

_ preferably 4 to 6 amino acids. In this case, linkers between a VL and VH encoded on the same

fragment are short, and thus a VL and VH on the same strand do not form a non-covalent bond
nor a single-chain V region fragment, rather, the fragment forms a dimer with another fragment
via non-covalent bonding. Furthermore, according to the same principle as in diabody
construction, three or more diabody-constituting fragments may be bonded to form multimeric
antibodies, such as trimers and tetramers.
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Examples of the diabodies of this invention are, without limitation, a diabody
compfising the amino acid sequence of SEQ ID NO: 6, or a diabody that is functionally -
equivalent to a diabody comprising the sequence of SEQ ID NO: 6, which comprises an amino
acid sequence with a mutation (substitution, deletidn,'inserti_on, and/or addition) bf one or more

amino acids in the amino acid sequence of SEQ ID NO: 6; and a diabody compriéing the amino

- acid sequence of a complementarity-determining region (CDR) (or a variable region) of SEQ ID

NO: 2 and a CDR (or a variable region) of SEQ ID NO: 4, or a diabody that is functionally
equivalent to a diabbdy comprising the amino acid sequence of a CDR (or variable region) of
SEQ ID NO: 2 and a CDR (or a variable region).of SEQ ID NO: 4, which comprises an amino
acid sequence with mutations (substitution, deletion, insertion, and/or addition) of one or more
amino acids in the amino acid sequence of a CDR (or a variable region) of SEQ ID NO: 2 and a
CDR (or a variable region) of SEQ ID NO: 4.

' Herein, “functionally equivalent” means that the diabody of interest has an activity
equivalent to an activity of a diabody comprising the sequence of SEQ ID NO: 6, or a diabody
comprising the sequence of a CDR (or a variable region) of SEQ ID NO: 2 and a CDR (ora
variable region) of SEQ ID NO: 4 (for example, HLA-A binding activity, and cell death-inducing
activity). ' ‘

The number of mutated amino acids is not limited, but may ordinarily be 30-amino acids
or less, preferably 15 amino acids or less, and more preferably five amino acids or less (for
example, three amino acids or less). '

Furthermore, a diabody comprising the amino acid sequence of SEQ ID NO: 6, or a
diabody comprising the sequence of a CDR (or a variable region) of SEQ ID NO: 2 and a CDR
(or a variable region) of SEQ ID NO: 4 may be humanized or chimerized to reduce heterologous
antigenicity against humans. '

In the amino acid sequence of SEQ ID NO: 2, amino acids 1 to 134 correspond to the
variable region, amino acids 50 to 54 correspond to CDR1, amino acids 69 to 85 correspond to .
CDR2, and amino acids 118 to 134 correspond to CDR3. In the amino acid sequence of SEQ
ID NO: 4, amino acids 1 to 128 correspond to the variable region, amino acids 46 to 55
correspond to CDR1, amino acids 71 to 77 correspond to CDR2, and amino acids 110 to 128
correspond to CDR3. | »

 Inthe present invention, the HLA-recognizing minibodies specifically bind to HLA.
They are not particularly limited, so long as they have a biological action. The minibodies of
this invention can be prepared by methods well known to those skilled in the art. For example,
as described in the Examples, the antibodies can be prepared based on the sequence of an
HLA-recognizing antibody (particularly sequences of the variable regions and sequences of

CDRs), using genetic engineering techniques known to those skilled in the art.
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For the sequence of the HLA-recognizing antibody, a well-known antibody sequence
can be used, or an anti-HLA antibody can be prepared by a method well known to those skilled

in the art using HLA as the antigen, and then the sequence of this antibody can be obtained and

then used.  Specifically, for example, this can be performed as follows: HLA protein or its
fragment is used as a sensitizing ahtigen to perform immunizations according to conventional
immunization methods, the obtained immunocytes are fused with well-known parent cells
according to conventional cell fusion methods, and monoclonal antibody-producing cells
(hybridomas) are then screened by ordinary screening methods. Antigens can be prépar_ed, by
known methods, such as a method using baculoviruses (W098/46777 and such). Hybridomas
can be prepared, for example, according to the method of Milstein e¢ al. (Kohler, G. and Milstein,
C., Methods Enzymol. (1981) 73:3-46). When the antigen has low immunogenicity,
immunization can be performed using the antigen bound to immunogenic macromolecules, such
as albumin. Thereafter, cDNAs of the variable region (V region) of the antibody are
synthesized from the mRNAs of the hybridomas using reverse transcriptase, and the sequences
of the obtained cDNAs can be determined by known methods. '

Antibodies that recognize HLA are not particularly limited, so long as they bind to
HLA; mouse antibodies, rat antibodies, rabbit antibodies, sheep antibodies, human antibodies,
and such may be used as neceséary. Alternatively, artificially modified, genetically
recombinant antibodies, such as chimeric and humanized antibodies, may be used to reduce
héterologous antigenicity against humans. These modified antibodies can be produced using
known methods. A chimeric antibody is an antibody comprising the variable regions of the
heavy and light chains of an antibody from a non-human mammal such as a mouse, and the
constant regions of the heavy and light chains of a human antibody. The chimeric antibody can
be produced by linking a DNA encoding the variable regions of the mouse antibody with a DNA
encoding the constant regions of the human antibody, incorporating this into an expression vector,
and theén introducing the vector to a host. '

Humanized antibodies are also referred to as “reshaped human antibodies”. Such
humanized antibodies are obtained by transferring the CDR of an antibody derived from a
non-human mammal, for example a mouse, to the CDR of a human antibody, and general gene

recombination procedures for this are also known. Specifically, a DNA sequence designed to

- link a murine antibody CDR to the framework region (FR) of a human antibody can be

35

synthesized by PCR, using primers prepared from several oligonucleotides containing -
overlapping portions of terminal regions. The obtained DNA is linked to a DNA encodihg
human antibody constant regions, and this is then integrated into an expression vector, and the
antibody is produced by introducing this vector into host cells (see European Patent Applicétion
EP 239400, and International Patent Application WO 96/02576). The human antibody FR to be
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linked via the CDR is selected so the CDR forms a favorable antigen-binding site. To form a
suitable antigen-binding site, amino acids in the framework region of the antibody variable
region may be substituted in the CDR of the reshaped human antibody, as necessary (Sato, K. et
al., 1993, Cancer Res. 53, 851-856). ' ,

' Thesé chimeric antibodies and humanized antibodies can be chimerized, humanized,

- and such after their molecular weight is reduced, or their molecular weight can be reduced after

they have been chimerized, humanized, or such.

Methods for obtaining human antibodies are also known. For example, human
lymphocytes can be sensitized in vitro with a desired antigen, or with cells expressing the desired
antigen, and the sensitized lymphocytes can be fused with human myeloma cells, such as U266,
to obtain the desired human antibody with antigen-binding activity (Examined Published ,
Japanese Patent Application No. (JP-B) Hei 1-59878).  Further, a desired human antibody can
be obtained by using a desired antigen to immunize transgenic animals that have a full repertoire
of human antibody genes (see International Patent Application WO 93/12227, WO 92/03918,
WO 94/02602, WO 94/25585, WO 96/34096, and WO 96/33735).  Furthermore, teéhniques for
obtaining human antibodies by panning using a human antibody library are also known. For
example, variable regions of human antibodies can be expressed as single chain antibodies
(scFvs) on the surface of phages using phage display methods, and phages that bind to antigens
can be selected. The DNA sequences that encode the variable regions of the human antibodies
binding the antigens can be determined by analyzing the genes of the selected phages. By
determining the DNA sequences of the scFvs that bind to the antigens, appropriate expression
vectors carrying relevant sequences can be produced to yield human antibodies. These methods
are already known, and are detailed in the following publications: WO 92/01047, WO 92/20791,
WO 93/06213, WO 93/11236, WO 93/19172, WO 95/01438, and WO 95/15388. |

In the present invention, favorable examples of antibodies that recognize HLA include
2D7 antibodies. Examples of 2D7 antibodies are antibodies comprising the sequénces ofa
CDR (or a variable region) of SEQ ID NO: 2 and a CDR (or a variable region) of SEQ ID NO: 4,
but are not limited thereto. The 2D7 antibodies of this invention include an antibody which is
functionally equivalent to an antibody that comprises the sequence of a CDR (or a variable
region) of SEQ ID NO: 2 and a CDR (or a variable region) of SEQ ID NO: 4, and which

~ comprises an amino acid sequences with a mutation (substitution, deletion, insertion, and/or

addition) of one or more amino acids in the amino acid sequence of a CDR (or a variable region)
of SEQ ID NO: 2 and a CDR (or a variable region) of SEQ ID NO: 4.  Herein, “functionally
equivalent” means that an antibody of interest has an activity (for example, HLA-A binding
activity, and cell death-inducing activity) equivalent to an antibody comprising the sequence of a
CDR (or a variable region) of SEQ ID NO: 2 and a CDR (or a variable region) of SEQ ID NO: 4.



10

15

20

25

30

35

10 Translation of WO 2004/033499

The number of mutated amino acids is not particularly limited, but may be ordinarily 30

amino acids or less, preferably 15 amino acids or less, and more preferably five amino acids or

" less (for example, three amino acids or less). The amino acids are preferably mutated or

modified in a way that conserves the properties of the amino acid side chain. Examples of |
amino acid side chain propefties éré: hydrophobic amino acids (A, I, L, M, F, P, W, Y, and V),
hydrophilic amino acids (R, D, N, C, E, Q, G, H, K, S, and T), amino acids comprising the
followmg side chains: aliphatic side chains (G A, V, L, I, and P); hydroxyl-contammg side
chains (S, T, and Y); sulfur—contamlng side chains (C and M); carboxylic acid- and
amide-containing side chains (D, N, E, and Q); basic side chains (R, K, and H); aromatic
ring-containing side chains (H, F, Y, and W) (amino acids are represented by one-letter codes in
parentheses). Polypeptides comprising a modified amino acid sequence, in which one or more .
amino acid residues is deleted, added, and/or replaced with other amino acids, are known to
retain their original biological activities (Mark, D. F. et al., Proc. Natl. Acad. Sci. USA 81,
5662-5666 (1984); Zoller, M. J. & Smith, M. Nucleic Acids Research 10, 6487-6500 (1982);
Wang, A. et al., Science 224, 1431-1433; Dalbadie-McFarland, G. et al., Proc. Natl. Acad. Sci.
USA 79, 6409-6413 (1982)). In addition, the amino acid sequences of the antibody constant
regions and such are well known to those skilled in the art. |

Furthermore, the 2D7 antibodies can be chimerized, humanized, or such by methods
well known to those skilled in the art.  Such chimeric and humamzed antibodies are also
included in the 2D7 antibodies of this invention. '

The antibodies of this invention may be conjugated antibodies that are bonded to
various molecules, such as polyethylene glycol (PEG), radioactive substances, and toxins.
Such conjugate antibodies can be obtained by performing chemical modifications on the
obtained antibodies. Methods for antibody modification are established in this field. The term
“antibody” in this invention includes such conjugate antibodies.

The present invention includes DNAs that encode the antibodies of this invention.
This inveﬁtion also includes DNAs encoding antibodies that hybridize under stringent conditions.
to the aforementioned DNAs, and have antigen-binding capacity and activity. Hybridization-
techniqués (Sambrook, J. et al., Molecular Cloning 2nd ed., 9.47-9.58, Cold Spn'ng Harbor Lab.
press, 1989) are well known to those skilled in the art, and hybridization conditions can be

. selected appropriately by those skilled in the art. Such hybridization conditions include, for

eXample, conditions of low stringency. Examples of conditions of low stringency include
post-hybridization washing in 0.1x SSC and 0.1% SDS at 42°C, and preferably in 0.1x SSC and
0.1% SDS at 50°C.  More preferable hybridization conditions include those of high stringency.
Highly stringent conditions include, for example, washing in 5x SSC and 0.1% SDS at 65°C.

In these conditions, the higher the temperature, the higher the expectation of efficiently obtaining
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DNAs with a high homology. However, several factors, such as temperature and salt
concentration, can influence hybridization stringency, and those skilled in the art can suitably
select these factors to achieve similar stringencies.

The DNAs of this invention are used for in vivo and in vitro production of the antibodies

of this invention, and for other applications, such as gene therapy. The DNAs of this invention

- may be in any form, so long as they encode the antibodies of this invention. More specifically,

they may be cDNAs synthesized from mRNAs, genomic DNAs, Chemically synthesized DNAs,

“orsuch. Furthermore, the DNAs of this invention include any nucleotide sequence based on the

degeneracy of the genetic code, so long as they encode the antibodies of this invention. _

The antibodies of this invention can be produced by methods well known to those
skilled in the art. More specifically, a DNA of an antibody of interest is incorporated into an
expression vector. In so doing, the DNA is incorporated into the expression vector and
expressed under the control of an expression regulatory region such as an enhancer or promoter.
Next, antibodies can be expressed by transforming host cells with this expression vector. In this
regard, appropriate combinations of hosts and expression vectors can be used. -

" The vectors include, for example, M13 vectors, pUC vectors, pBR322, pBluescript, and
pCR-Script. In addition to the above vectors, for example, pPGEM-T, pDIRECT, and pT7 can
also be used for the subcloning and excision of cDNAs.

When using vectors to produce the antibodies of this invention, expression vectors are
particularly useful. When an expression vector is expressed in E. coli, for example, it should
have the above characteristics in order to be amplified in E. coli. Additionally, when E. coli
such as JIM109, DHS d , HB101, or XL1-Blue are used as the host cell, the vector preferably has
a promoter, for example, a lacZ promoter (Ward et al. (1989) Nature 341:544-546; (1992)
FASEB J. 6:2422-2427), araB promoter (Better ef al. (1988) Science 240:1041-1 043), or T7 )
promoter, to allow efficient expression of the desired gene in E. coli. Other examples of the
vectors include pGEX-5X-1 (Pharmacia), “QIAexpress system” (QIAGEN), pEGFP, and pET
(where BL21, a strain expressing T7 RNA polymerase, is preferably used as the host).

Furthermore, the vector may comprise a signal sequence for polypeptide secretion.
When producing proteins into the periplasm of E. coli, the pelB signal sequence (Lei, S.P.etal.
J. Bacteriol. 169:4379 (1987)) may be used as a signal sequence for protein secretion. For
examble, calcium chloride methods or electroporation methods may be used to introduce the
vector into a host cell. :

In addition to E. coli, expression vectors derived from mammals (e.g., pPCDNA3
(Invitrogen), pEGF-BOS (Nucieic Acids Res. (1990) 18(17):5322), pEF, pCDMB8), insect cells
(e.g., “Bac-to-BAC baculovirus expression system” (GIBCO-BRL), pBacPAKS), plants (e.g.,
pMHI1, pMH2), animal viruses (e.g., pHSV, pMV, pAdexLcw), retroviruses (e.g., pZIPneo),
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yeasts (e.g., “Pichia Expression Kit” (Invitrogen), pNV11, SP-QO01), and Bacillus subtilis (e.g.,
pPL608, pKTH50) may also be used as a vector for producing the polypeptide of the present

" invention.

In order to express protems in animal cells, such as CHO, COS, and NIH3T3 cells, the
vector preferably has a promoter necessary for expression in such cells, for example, an SV40
promoter (Mulligan e al. (1979) Nature 277:108), MMLV-LTR promoter, EF lapromoter
(Mizushima et al. (1990) Nucleic Acids Res. 18:5322), CMV promoter, etc.). It is even more
preferable that the vector also carry a marker gene for selecting transformants (for eXample, a
drug-resistance gene enabling selection by a drug, such as neomycin and G418). Examples of
vectors with such characteristics 1nclude pMAM pDR2, pBK-RSYV, pBK-CMV, pOPRSY,
pOP13, and such.

In addition, to stably express a gene and amplify the gene copy number in cells, CHO
cells having a defective nucleic acid synthesis pathway can be introduced with a vector
containing a DHFR gene (for example, pCHOI) to compensate for the defect, and the copy
number may be amplified using methotrexate (MTX). Alternatively, a COS cell, which carries
an SV40 T antigen-expressing géne on its chromosome, can be transformed with a vector _
containing the SV40 replication origin (for example,.pcD) for transient gene expi‘ession. The
replication origin may be derivéd from polyoma'viruses, adenoviruses, bovine papilloma viruses
(BPV), and such. Furthermore, to increase the gene copy number in host cells, the expression
vector may contain, as a selection marker, an aminoglycoside transferase (APH) gene, thymidine .
kinase (TK) gene, E. coli xanthine guanine phosphoribosyl transferase (Ecogpt) gene,
dihydrofolate reductase (dhfr) gene, and such. '

. Methods for expressing the DNAs of this invention in the bodies of animals include
methods of incorporating the DNAs of this invention into appropriate vectors and. introducing
them into living bodies by, for example, a retrovirus method, liposome method, cationic
liposome method, or adenovirus method. The vectors that are used include adenovirus vectors
(for example, pAdexlcw), and retrovirus vectors (for example, pZIPneo), but are not limited
thereto. General genetic manipulations such inserting the DNAs of this invention into vectors
can be pérformed according to conventional methods (Molecular Cloning, 5.61-5.63).
Administration to living bodies can be carried out by ex vivo method or in vive methods.

Furthermore, the present invention provides host cells into which a vector of this
invention is introduced. The host cells into which a vector of this invention is introduced are
not particularly limited; for example, E. coli and various animal cells are available for this
purpose. The host cells .of this invention may be used, for example, as production systems to
produce and express the antibodies of the present invention. In vitro and in vivo productidn

systems are available for polypeptide production systems. Production systems that use
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cukaryotic cells or prokaryotic cells are examples of in vitro production systems.

Eukaryotic cells that can be used include, for example, animal cells, plant cells, and
fungal cells. Known animal cells include: mammalian cells, for example, CHO (J. Exp. Med.
(1995)108, 945), COS, 3T3, myeloma, BHK (baby-hémster kidney), HeLa, Vero, amphibian
cells such as Xenopus laevis oocytes (Valle, et al. (1981) Nature 291, 358-340), or insect cells

- (e.g., S19, Sf21, and Tn5). CHO cells in which the DHFR gene has been deleted, such as

dhfr-CHO (Proc. Natl. Acad. Sci. USA (1980) 77, 4216-4220) and CHO K-1 (Proc. Natl. Acad.

“Sci. USA (1968) 60, 1275), are particularly preferable for use as CHO cells. Of the animal cells,

CHO cells are particularly favorable for large-scale expression. Vectors can be introduced into
a host cell by, for examplé, calcium phosphate methods, DEAE-dextran methods, methods using
cationic liposome DOTAP (Boehringer-Mannheim), electroporation methods, lipofection
methods, etc.

Plant cells include, for example, Nicotiana tabacum-derived cells known as polypeptide
production éystems. Calluses may be cultured from these cells. Known fungal cells include
yeast cells, for example, the genus Saccharomyces, such as Saccharomyces cerevisiae; and
filamentous fungi, for example, the genus Aspergillus such as Aspergillus niger.

Bacterial cells can be used in prokaryotic production systems. Examples of bacterial
cells include E. coli (for example, IM109, DH5a, HB101 and such); and Bacillus subtilis..

Antibodies can be obtained by transforming the cells with a polynucleotide of interest,
then culturing these transformants in vitro. Transformants can be cultured using known
methods. For example, DMEM, MEM, RPMI 1640, or IMDM may be used as the culture
medium for animal cells, and may be used with or without serum supplements such as fetal calf
serum (FCS). Serum-free cultures are also acceptable. The preferred pH is about 6 to 8 over
the course of culturing. Incubation is typically carried out at a temperature of about 30 to 40°C
for about 15 to 200 hours. Medium is exchanged, aerated, or agitated, as neces_saryL

On the other hand, production systems using animal or plant hosts may be used as
systems for producing polypeptides in vivo. For example, a DNA of interest may be introduced
into an animal or plant, and the polypeptide produced in the body of the animal or plant is then
recovered. The “hosts” of the present invention include such animals and plants. -

When using animals, there are production systems using mammals or insects.

~ Mammals such as goats, pigs, sheep, mice, and cattle may be used (Vicki Glaser SPECTRUM

' Biotechnology Applications (1993)).  Alternatively, the mammals may be transgenic animals.

For example, a DNA of interest may be prepared as a fusion gene with a gene encoding
a polypeptide specifically produced in milk, such as the goat B-casein gene. DNA fragments
containing the fusion gene are injected into goat embryos, which are then introduced back to
female goats. The desired antibody can then be obtained from milk produced by the transgenic
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goats, which are born from the goats that received the embryos, or from their offspring.
Appropriate hormones may be administered to increase the volume of milk containing the
polypeptide produced by the transgenic goats (Ebert, K.M. et al., Bio/Technology 12, 699-702
(1994)). - '

Insects, such as silkWorrris, may also be used. Baculoviruses carrying a DNA of
interest can be used to infect silkworms, and the antibody of interest can be obtained from their
body fluids (Susumu, M. et al., Nature 315, 592-594 (1985)).

-When using plants, tobacco can be used, for example. When tobacco is uséd, a DNA
of interest may be inserted into a plant expression vector, for example, pMON 530, and then the
vector may be introduced into a bacterium, such as Agrobacterium tumefaciens. The bacteria
are then used to infect tobacco, such as Nicotiana tabacum, and the desired polypeptides are
recovered from the leaves (Julian K.-C. Ma et al., Eur. J. Immunol. 24, 131-138 (1994)).

The resulting antibodies of this invention may be isolated from the inside or outside
(such as the medium) of host cells, and purified as substantially pure and homogenous antibodies.
Any standard method for isolating and purifying antibodies may be used, and methods are not =
limited to any specific method. ~Antibodies may be isolated and purified by selecting an
appropriate combination of, for example, chromatographic columns, filtration, uitraﬁltration,
salting out, solvent precipitatio.n, solvent extraction, distillation, immunoprecipitation,
SDS-polyacrylamide gel electrophoresis, isoelectric focusing, dialysis, recrystallization, and
others. ‘

Chromatography includes, for example, affinity chromatography, ion exchange
chromatography, hydrophobic chromatography, gel filtration, reverse-phase chromatography, and
adsorption chromatography (Strategies for Protein Purification and Characterization: A
Laboratory Course Manual. Ed Daniel R. Marshak e al., Cold Spring Harbor Laboratory Press,
1996). These chromatographies can be carried out using liquid phase chromatographies such as
HPLC and FPLC. The present invention also includes antibodies that are highly purified using
these purification methods.

In the present invention, the antigen-binding activity of antibodies (Antibodies A
Laboratory Manual. Ed Harlow, David Lane, Cold Spring Harbor Laboratory, 1988) can be
measured using well known techniques. For example, ELISA (enzyme linked immunosorbent
assay), EIA (enzyme immunoassay), RIA (radioimmunoassay), or fluoroimmunoassay may be
used. _ ‘

In the present invention, whether or not the antibodies of this invention induce cell death
in suspended cells can be determined from whether cell death is induced in Jurkat cells or
ARH77 cells, as in the Examples. Whether or not the antibodies induce cell death in adhesion

cells can be determined from whether cell death is induced in HeLa cells, as in the Examples.
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Furthermore, the present invention provides cell death-inducing agents or cell
growth-suppressing agents which comprise minibodies or 2D7 antibodies of this invention as
active ingredients. The cell death-inducing activity of the minibodies or 2D7 antibodies in this
invention is considered to have a particularly large effect on activated T cells or B cells, therefore, -
it is.considered to be particularly effective for treatment and prevention of tumors such as cancer

- (particularly blood tumors), and autoimmune diseases. Accordingly, the present invention

provides methods of treatment and prevention of tumors such as cancer (particularly blood
tumors), and autoirﬁmune diseases that use the minibodies or 2D7 antibodies of this invention.
When using 2D7 antibodies whose molecular weight has not been reduced as active ingredients,
they are preferably cross-linked with an anti-IgG antibody and such.

The above-mentioned antibodies can also be used as conjugate antibodies, after linking
to various reagents. Examples of such reagents include chemotherapy reagents, radioactive
substances, and toxins. Such conjugate antibodies can be produced by known methods
(US5057313, and US5156840).

The above-mentioned pharmaceutical agents can be directly administered to.patients, or
administered as pharmaceutical compositions formulated by known pharmaceutical methods:
For example, they may be administered orally, as tablets, capsules, elixirs, or microcapsules,
sugar-coated as necessary; or parenterally, in the form of injections of sterile solution or

suspensions prepared with water or other pharmaceutically acceptable liquids. For examplé,

‘they may be formulated by appropriately combining them with pharmaceutically acceptable

carriers or media, more specifically, sterilized water or physiological saline solutions, vegetable
oils, emulsifiers, suspehding agents, surfactants, stabilizers, flavoring agents, excipients, vehicles,
preservatives, binding agents, and such, and mixing them at a unit dosage form required for
generally accepted pharmaceutical practice. The amount of active ingredient in the formulation
1s such that appropriate doses within indicated ranges are achieved. .

Additives that can be mixed into tablets and capsules include, for example, binding
agents such as gelatin, cornstarch, tragacanth gum, and gum arabic; excipients such as crystalline

cellulose; swelling agents such as cornstarch, gelatin, alginic acid; lubricants such as magnesium

stearate; sweeteners such as sucrose, lactose, or saccharine; and flavoring agents such as

peppermint and Gaultheria adenothrix oils, or cherry. When the unit dosage form is a capsule,

“liquid carriers, such as oils and fats, can be further included in the above-indicated materials.

Sterile compositions to be injected can be formulated using a vehicle such as distilled water used
for injection, according to standard protocols.

Aqueous solutions used for injections include, for example, physiological saline and
isotonic solutions comprising glucose or other adjunctive agents such as D-sorbitol, D-mannose,

D-mannitol, and sodium chloride. They may also be combined with appropriate solubilizing
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agents, such as alcohol, and specifically, ethanol, polyalcohol such as propylene glycol or
polye’thylené glycol, or non-ionic detergent such as polysorbate 80™ or HCO-50, as necessary.

Oil solutions include sesame oils and soybean oils, and can be combined with - _
solubilizing agents such as benzyl benzoate or benzyl alcohol. A Injection solutiohs may also be
formulated with buffers, for éxample, phosphate buffers or sodium acetate buffers; analgesics,
for example, procaine hydrochloride; stabilizers, for example, benzyl alcohol or phenol; or
anti-oxidants. The prepared injections are typically aliquoted into appropriate ampules.

-Administration to patients may be performed, for example by intra-arterial iﬁjection,
intravenous injection, or subcutaneous injection, alternatively by intranasal, transbronchial,
intramuscular, transdermal, or oral administration using methods well known to those skilled in
the art. Doses vary depending on the body weight and age of the patient, method of
administration and such; nevertheless, those skilled in the art can appropriately select suitable
doses. Furthermore, if a compound can be encoded by a DNA, the DNA may be incorporated
into a gene therapy vector to carry out gene therapy. Doses and administration methods vary.
depending on the body weight, age, and symptoms of patients, but, again, they can be
appropriately selected by those skilled in the art. ,

A single dose of a pharmaceutical agent of this invention varies dependihg on the target
of administration, the target organ, symptoms, and administration method. However, an
ordinary adult dose (presuming a body weight of 60 kg) in the form of an injection is
a;ﬁproximately 0.1 to 1000 mg, preferably approximately 1.0 to 50 mg, and more preferably
approximately 1.0 to 20 mg per day, for example.

When administered parenterally, a single dose varies depending on the target of
administration, the target organ, symptoms, and administration method, but in the form of an
injection, for example, a single dose of approximately 0.01 to 30 mg, preferably approximately
0.1 to 20 mg, and more preferably approximately 0.1 to 10 mg per day may be advantageously
administered intravenously to an ordinary adult (presuming a body weight of 60 kg). For other
animals, a converted amount based on the amount for a body weight of 60 kg, or a converted

amount based on the amount for a body surface area can be administered.

Brief Description of the Drawings

Fig. 1 shows the adaptors used to produce the pMX2 vector. The bold letters indicate
BstXI recognition sequences. ' o
Fig. 2A and Fig. 2B show 2D7 antigen expression in cell lines. Each cell type was
stained with 2D7 antibody and their expressions were examined. (Solid line: no primary
antibody; dotted line: 2D7 antibody) | |
~ Fig. 3isasetof photographs showing the results of immunoprecipitation using the 2D7
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antibody. NIH3T3, RPMI8226, and U266 cells were solubilized, immunoprecipitation was
performed with the 2D7 antibody, anti-BST-1 antibody (control), or protein G itself, and the
proteins were detected by silver staining. In RPMI8226 and U266, a molecule of

. approximately 12 KD (arrow), which is speciﬁcally precipitated by the 2D7 antibody, is detected. '

This band was cut out and peptide sequenced, and thus found to be f2-microglobulin.
- Fig. 4 shows flow diagrams for screening. Separation into pools, preparation of DNA,

packaging into virus, infection of 3T3 cells, and screening using FACS were performed in one

“span (Fig. 4A). By the end of the fourth screening, the library was narrowed down to

approximately 20 clones. In the fifth screening, 64 colonies were individually inoculated into a
96-well plate, pools were formed using the vertical and horizontal rows, and then screened. As
a result, the library was narrowed down to twelve candidate clones (Fig. 4B).

Fig. 5 shows the results of screening using FACS. Fig. SA shows the results of the
second screening, Fig. 5B shows the results of the third screening, and Fig. 5C shows the results
of the fourth screening. NIH3T3 cells were infected with retroviruses prepared from each pool,
and three days later the cells were stained with the 2D7 antibody. The clones were narrowed
down by gradually reducing the pool size of each screening. |

Fig. 6 shows the results of screening using FACS. Fig. 6A shows the results of the
fifth screening, and Fig. 6B shows the result of the final screening.  As a result of the fifth
screening, positive clones were found in rows 3,4, 6, and 8, and inrows E,F,and G. Asa
result of screening the twelve candidate clones, positive clones were found in row E at 6E .
When the nucleotide sequence of this 6E was analyzed, it was found to encode HLA classl
A*6802. ' |

Fig. 7 is a graph and a set of photographs showing the influence on cells of the addition
of 2D7 antibody. 2D7 antibody (10 pg/ml) was added, and the number of viable cells was ‘
determined 48 hours later. Hardly any change in cell growth was observed, even after 2D7
antibody was added (Fig. 7A). K562 cells (Fig. 7B), Jurkat cells (Fig. 7C), and RPM18226
cells (Fig. 7D) were each observed 24 hours after antibody addition. The 2D7 antibody induced
aggregation of Jurkat cells.

Fig. 8 is a set of phétographs showing cell death induction due to cross-linking of the
2D7 antibody. Each combination of the 2D7 antibody with anti-mouse IgG was made to act on

. Jurkat cells, and the cell nuclei were stained 48 hours later. Nuclear fragmentation due to cell

death was observed when the 2D7 antibody and anti-mouse IgG acted on cells simultaneously.
Fig. 9 shows a 2D7 diabody (2D7DB) sequence.
Fig. 10A and Fig. 10B show a 2D7 diabody structure. Fig. 10C is a photograph
showing its transient expression in COS7 cells. '
Fig. 11A and Fig. 11B show the cytotoxic activity of 2D7DB transiently expressed in
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COS7.
Fig. 12 shows the cytotoxic activity of 2D7DB transiently expressed in COS7. K562

cells (Fig. 12A) and Jurkat cells (Fig. 12B) were used.

Fig. 13 shows the cytotoxic activity of 2D7DB transiently expressed in COS7.
RPMI8226 cells (Fig. 13A), IL-KM3 cells (Fig. 13B), U266 cells (Flg 13C), and ARH77 cells
(Fig. 13D) were used.

~ Fig. 14 is a graph showing the growth-suppressing effect of purified 2D7DB.

Fig. 15 shows cell death induction by purified 2D7DB, 48 hours after induct'ion..
ARH77 cells (Fig. 15A), Jurkat cells (Fig. 15B), K562 cells (Fig. 15C), and HeLa cells (Fig.
15D) were used.

Fig. 16 shows cell death induction by purified 2D7DB, 48 hours after induction. U266
cells (Fig. 16A), and IL-KM3 cells (Fig. 16B) were used for the study. L

Fig. 17 shows a time course of cell death induction by 2D7DB (2 pg/ml). Cell death
induction was investigated at 12 through to 38 hours. ARH77 cells (Fig. 17A) and Jurkat cells
(Fig. 17B) were used. ) '

Fig. 18 shows a time course of cell death induction by 2D7DB (2 pg/ml). Cell death _
induction was investigated at three through to six hours. ARH77 cells (Fig. 18A) and Jurkat
cells (Fig. 18B) were used. A ' '

Fig. 19 shows the effect of Z-VAD-FMK on cell death due to 2D7DB. The study was
performed using ARH77 cells- 16 hours after induction.

Fig. 20 shows the effect of Z-VAD-FMK on cell death due to 2D7DB. The study was
performed using Jurkat cells 16 hours after induction.

| . Fig. 21 is a set of photographs showing that cell death due to 2D7DB is not
accompanied by DNA fragmentation. The study was performed 24 hours after cell death
induction. :

Fig. 22 shows the results of investigating the effect of cytochalasin D on the cell
death-inducing activity of 2D7DB. By pre-treating ARH77 cells with cytochalasin D, which is
an actin-polymerization inhibitor, the cells showed resistance to 2D7DB-induced cell death.

Fig. 23 is a set of photographs showing the results of immunostaining to investigate the
state of the intracellular actin and nuclei. After reacting ARH77 cells under the conditions

_ described in the figure, actin was detected using anti-actin antibody (red), and cell nuclei were

detected using Hoechst 33258 (blue). * Actin was absent from cells treated with 2D7DB.

Fig. 24 shows that the 2D7DB suppresses an increase in human IgG (higG) V
concentration in serum in a méuse model of human myeloma. The data shows the average +
SEM. There was a significant difference (*: p<0.05) between the vehicle-administered gréup
and the 2D7DB-administered group, according to unpaired t-tests.
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Fig. 25 shows that the 2D7DB has a life-prolonging effect in a mouse model of human
myeloma. There was a significant-difference (*: p<0.05) between the vehicle-administered
group and the 2D7DB-administered group, according to generalized Wilcoxon tests.

Fig. 26 shows analyses of the action of 2D7DB on PBMC. PHA-M (Fig. 26A), ConA
(Fig. 26B), and SAC (Fig. 26C) were used as mitogens. Fig. 26D shows the results in the

- absence of a mitogen, and Fig. 26E shows the results of a positive control (ARH77). The

results shown are, from the top, those of no 2D7DB addition, three-hour addition, and 24-hour

addition.

Best Mode for Carryving out the Invention

Herein below, the present invention is specifically described using Examples; however,

it should not to be construed as being limited thereto.

[1] Cell lines

Human myeloma cell lines (RPM18226, K562, and ARH77), human T-cell léukemia cell
line (Jurkat), FDC-P1, HCI-16, and 2D7 hybridoma cell line (from University of Tokushima) .
were cultured in RPMI1640 medium (GIBCO BRL) supplemented with 10% fetal calf serum
(FCS). Hurman myeloma cell lines (IL-KM3 and U266) were individually cultured in the same
medium supplemented with 2 ng/ml of IL-6 (R & D), and Ba/F3 was cultured in the same

~medium supplemented with 2 ng/ml of IL-3 (R & D). COS7, 293T, HeLa, NIH3T3, and

BOSC23 were cultured in DMEM medium (GIBCO BRL) supplemented with 10% FCS, and
CHO was cultured in a-MEM medium (GIBCO BRL) supplemented with 5% FCS or 10% FCS.

[2] Production of pMX2 vectors

The GFP gene region of the retrovirus vector, pMX-GFP, which packages the GFP gene
in the virus particle, was cut out and removed using EcoRI-Sall. The adaptor, which comprised
a BstXI site in its sequence (Fig. 1) (and was synthesized with an ABI DNA synthesizer, then

annealed in vitro before use), was inserted into this region, forming pMX2.

[3] Production of cDNA libraries
Total RNA was purified from RPMI8226 cells by standard methods using Trisol

(GIBCO BRL). Furthermore, the mRNAs were purified from 200 pg of this total RNA, using a

pMACS mRNA Isolation kit (Miltenyi Biotec) according to the manufacturer’s instructions.
The cDNAs were synthesized ﬁsing random hexamers (SuperScript Choice System for cDNA
Synthesis; Invitrogen) with 3.6 ug of mRNA as template, and then a BstXI adaptor (Invitrogen)
was linked to both ends. This cDNA was inserted into a pMX2 vector cleaved with BstXI, and



10

15

20

25

30

35

20 Translation of WO 2004/033499

was introduced into ELECTRO MAX DH10B (GIBCO BRL) by electroporation (2.5 KV, 200 ,
25 pF). After adding 1 ml of SOC, the vectors were then incubated at 37°C for one hour, 1 ml

- 0of 40% glycerol/LB+Amp was added. A portion of the culture was used to check the titer and

the remainder was stored at -80°C.  The obtained library was ‘plated at 200 ul/wéll (7%
DMSO/LB+Amp) into two_96—wéll plates, so that each well contained 1000 clones. These
were cultured overnight at 37°C.  Four wells (4000 clones) from this plate were combined and
placed into an ampicillin-containing LB medium (4 ml). This was defined as one pool, the rest
of the wells were treated similarly.» Ultimately, 24 pools were prepared from a singie plate.
After incubating each pool overnight at 37°C, DNAs were prepared (QIAGEN) and used for
transfection into packaging cells. The plates used for inoculation were stored at -80°C until

used for secondary screening.

[4] Purification of antibodies ,

\ 0.5 ml of ascites, sent from University of Tokushima, was adsorbed to a Protein A Hi. _
Trap Affinity column (Amersham Pharmacia). The IgG fraction was then eluted using 0.1 M~
sodium citrate, pH3.0, and the 2D7 antibody was collected. This was concentrated using _
Centricon (YM-10; Millipore), and the buffer was ex'changed to PBS to ultimateiy yield a total of
5.34 mg of antibody. This was separated into aliquots and stored at -20°C (concentration: 0.89

pg/uL).

[5S] FACS

Adherent cells were detached using 1 mM EDTA/PBS, and suspended cells were
collected by centrifugation, then suspendéd in FACS buffer (2.5% FCS, 0.02% NaN/PBS).
These cells were left to stand on ice for one hour in a buffer (5% FCS/PBS) containing 2D7
antibody (final concentration 10 pg/ml). These were then washed with FACS buffer, reacted in.
a solution of FITC-anti-mouse IgG (Ithunotech) (1:150, 50 uL. FACS buffer) on ice for 30
minutes, Washed twice with FACS buffer, and then analyzed using EPICS ELITE (COULTER).

[6] Retrovirus infection
(i) Retrovirus packaging

The day before transfection, 2ml of BOSC23 cells, which are retrovirus-packaging cells,
were plated onto a 6-well plate at 6 x 10° cells/well.  Transfection was carried out by the
following procedure: 1 pg of the plasmid DNA derived from each pool was mixed with 3 pL of
FuGENE 6 Transfection Reagent (Roche), left to stand at room temperature for 20 minutes, and
then added to the BOSC23 cell culture medium plated the day before. Cells were then cultured
at 37°C for 48 hours, and the culture medium was collected. Dead cells were removed by
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centrifugation at 3000 rpm for five minutes, and the culture solution was then used as the virus
solution. _ | o
(i1) Virus infection :

The 2 ml of NIH3T3 cells plated onto 6-w'ell'plates_at 1 x 10° cells/well the day before

were cultured for 24 hours in 1 ml of virus solution supplemented with 10 pig/ml of polybrene

- (hexadimethrine bromide; Sigma). 1.5 ml of fresh medium was then added, the cells were

cultured for another 48 hours, and gene expression was then analyzed using FACS.

[7] Immunoprecipitation ' . . : ‘

Cells were lysed in a lysis buffer (0.5% Nonidet P-40, 10 mM Tris, pH 7.6, 150 mM
NaCl, S mM EDTA, 1 mM phenylmethylsulfonyl fluoride, 5 pg/ml aprotinin), and the resulting
solution was centrifuged to remove the insoluble proteins and obtain a cell lysate. 1 pg of 2D7
antibody was added, and incubated at 4°C for four hours. Magnetic protein G (BioMag) was
then added, and this was incubated for another one hour. Subsequently, the immunoconjugate
was washed three times with a lysis buffer, and then subjected to SDS-PAGE. This 'gel was
silver stained (Daiichi Pure Chemicals) according to the attached instructions. On the other
hand, for peptide sequencing, the gel on which SDS-PAGE was performed was transferred to
ProBlott (Applied Biosystems), and this was stained for one minute with Coomassie blue
staining solution (0.1% coomassie blue R-250 in 40%'MetOH/ 1% acetic acid). After washing
several times with 50% MetOH, the band of interest was cut out, washed five times with 1 ml of

DDW, dried in vacuo, and then subjected to peptide sequencing.

[8] Cell growth assay using the 2D7 antibody

Each type of cell was plated into a 96-well plate at 1 x 10 cells/ml in the presence or
absence of PMA (50 ng/ml; GIBCO BRL) and PHA (10 pl/ml; GIBCO BRL). After
subsequent addition (10 pg/ml) or no addition of the 2D7 antibody, this was cultured for 48
hours.  After culturing, morphological changes in the cells were observed under a microscope.
Viable cell count was determined by adding WST-8 (viable cell count reagent SF; Nacalai
Tesque), culturing at 37°C for two hours, and measuring ODaso to measure the relative viable cell

count.

[9] Induction of cell death by cross-linking

Jurkat cells were plated on a 24-well plate at 8 x 10’cells/well, and 10 pg/ml of
anti-mouse IgG (Fc) antibody (Cappel) was further added in the presence (5 pg/ml) or absence
of 2D7 antibody. 48 hours later, the cells were collected, and after washing with PBS, methanol
was added to a concentration of 70%, and this was left to stand at -20°C for 15 minutes. After
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washing the cells with FACS buffer several times, Hoechst 33258 was added at a concentration

of 10 ug/ml; and this was incubated at room temperature for 30 minutes. The cells were

“ washed again with FACS Buffer, and then placed on a slide glass as a droplet to observe the state

of the nuclei under a fluorescence microscope.

[10] Clomng of the 2D7 vanable region

Total RNA was purified from 2D7 hybridoma (provided from Un1vers1ty of Tokushlma)
using Trizol according to standard methods. Using 3 pg of this RNA as a template, cDNAs
were synthesized using a SMART RACE cDNA Amplification kit (CLONTECH), according to
the attached instructions. Using this cDNA as a template, the variable regions of the heavy
chain and light chain were amplified by PCR using the following primers:
Heavy chain: 5’-CAGGGGCCAGTGGATAGACTGATG (SEQ ID NO: 9)
Light chain: 5’-GCTCACTGGATGGTGGGAAGATG (SEQ ID NO: 10)
The amplified cDNAs encoding each of variable regions were subcloned into pCR-TOPO vector
(Invitrogen), and the nucleotide sequences (SEQ ID NOs: 1 and 3) were determined.

[11] Production of 2D7 diabody expression vector

Plasmids, to which each of the variable i'egion c¢DNAs were subcloned, were used as
templates and the variable regions of the heavy chain and llght chain (VH and VL) were
respective amplified using the primers below:
Heavy chain
2D7DB-H1: 5’-CCTGAATTCCACCATGCGATGGAGCTGGATCTTTC (SEQ ID NO: 11)
2D7DB-H2: 5’-AATTTGGCTACCGCCTCCACCTGAGGAGACTGTGAGAGTGGTGCCCT
(SEQID NO: 12)
Light chain
2D7DB-L1: 5’ -TCCTCAGGTGGAGGCGGTAGCCAAATTGTTCTCACCCAGTCGCCAGC
(SEQ ID NO: 13)
2D7DB-L.2: _
5’-ATTGCGGCCGCTTATCACTTATCGTCGTCATCCTTGTAGTCTTTTATCTCCAACTTTG

" TCCCCGAGCC (SEQ ID NO: 14)

Each of the VH and VL ¢cDNAs amplified by these primers were combined into one
tube, and further subjected to PCR.  Using the PCR products as templates, PCR was performed

" again, this time using 2D7DB-H1 and 2D7DB-L2 as primers, to synthesize cDNA with VH and

VL linked through a 5-mer linker (SEQ ID NO: 5). This cDNA was digested with EcoRI-NotI
and inserted into the EcoRI-NotI gap of the animal cell expression vector, pPCXND3. - The

nucleotide sequence was confirmed, completing the construction of the 2D7 diabody expression
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vector, pPCXND3-2D7DB.

[12] Transient expression in COS7 cells
2 pg of pCXND3-2D7DB, or of an empty vector used as a control, was mixed with 6 uL -
of transfection reagent (LT-1, MIRUS) according to the attached instructions, and this was added

- to COS7 cells (plated the day before into a 6-well plate at 1x 10° cells/well) whose medium had

been exchanged to a serum-free medium (OPTI-MEM, GIBCO BRL). Five hours later, 200 pL

- of serum was added, and this was cultured for two to three days. The medium was collected,

and dead cells were removed by centrifugation. . The culture supernatant was then used for an
experiment to detect cytotoxic activity.

Expression of 2D7DB in the culture supernatant was confirmed by Western blotting.
More specifically, equal amounts of 2x SDS-PAGE Sample buffer and culture supernatant were
added. In addition, after lysing the cells by adding a lysis buffer (0.5% Nonidet P-40, 10 mM
Tris, pH 7.6, 150 mM NaCl, 5 mM EDTA), insolubilized proteins were removed by
centrifugation to prepare a cell lysate, and an equal amount of 2x SDS-PAGE Samplé buffer was
added to this. After performing SDS-PAGE on each sample, the gels were transferred to PVDF
membranes, and expression of the 2D7 single chain was detected using anti-FLAG antibody.

[13] Establishment of expression cell lines producing 2D7 diabody

20 pg of pCXND3-2D7DB, linearized by cleaving with Pvul, was introduced to CHO
cells (DXBI11 strain) by electroporation, as described below.

After washing the CHO cells twice with ice-cold PBS, they were suspended in PBS at
1x 107 celis/ml. 20 pg of the above-mentioned plasmid was mixed into these cells, and this was
electropulsed (1.5 KV, 25 uFD). The cells were diluted in to appropriate fractions, plated on to
a 10 cm dish, and cultured in the presence of G418 (GIBCO BRL) at a final concentration of 50
pg/ml.  Approximately 30 clones were selected from the grown colonies, and the diabody
expression levels in the culture supernatants were investigated by Western blotting. The clone
with the highest expression level was expanded in a nucleic acid-free MEMa medium containing

5 nM MTX, and this was stocked as an overproducing cell line.

[14] Large-scale purification of 2D7 diabodies

A subconfluent 2D7DB-producing CHO cell line in a T-125 flask was detached using
Trypsin-EDTA, and then this was transferred to a roller bottle (250 ml of MEMa without
nucleotide + 5% FCS). Four days later, the culture solution was removed, and the cells were
washed twice with PBS. The medium was then exchanged to 250 ml of CHO-S-SFMII
medium (GIBCO BRL) to produce a serum-free medium, cells were cultured for three days, and
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then the cell culture supernatant was collected. ~After removing the dead cells by centrifugation,
this was filtered and used for purification. :

Purification of single chain Fv was performed as follows: First, the collected culture
supematani was applied and adsorbed onto an anti-Flag M2 column.  After washing with buffer
A (50 mM Tris-HCI pH7.4, 150 mM NaCl, 0.01% Tween 20), single chain Fv was eluted with
buffer B (100 mM Glycine .pH3.5, 0.01% Tween 20). The collected sample was immediately
neutralized with Tris-HCI pH8.0 so that the final concentration was 25 mM.  This was then -
used for gel filtration purification by a Superdex 200HR (26/60) column. The dimer fraction of
single chain Fv was collected in PBS containing 0.01% Tween 20. A portion of the collected
sample was subjected to SDS electrophoresis and silver staining to confirm that the protein of
interest has been purified, and then this was concentrated to produce a purified authentic sample
of 2D7 diabody. |

[15] Cell death induction experiment using 2D7 diabody

Various hemocyte cell lines were plated into 24-well plates at 2-5 x 10° cells/well. _
Purified 2D7DB, or the culture supernatant of COS7 transiently expressing 2D7DB, was added
and cell death was induced. When used, the culture supernatant of COS7 transiently expressing
2D7DB was added so its concentration was 50%. The amount of medium in each well was 0.8
to 1 ml/well. When stimulating Jurkat cells, Con A (WAKO) was added at the time of 2D7DB
addition to a final concentration of 2 pg/ml.

Adherent cells (HeLa) were plated into a 6-well plate at 2x 10> cells/well, and the cells
were attached by culturing overnight.  Subsequently, purified 2D7DB was added to the culture
solution.

Several hours to several days after 2D7DB addition, the suspended cells were collected
as they were, and adherent cells were collected after detaching the cells with 1 mM EDTA/PBS.
The cells were then washed with ice-cold PBS, and labeled with Annexin V, which is an
apoptosis inarker, and with PI, which is a dead-cell marker, according to the attached instructions
(TACS Annexin V-FITC Apoptosis Detection Kit, TREVIGEN Instructions).  The proportion of
stained cells was then measured using flow cytometry (EPICS ELITE, COULTER).

Various hemocyte cell lines were plated into 24-well plates at 2-5 x 10° cells/well. To
inhibit the initial stage of apoptosis, a caspase inhibitor (Z-VAD-FMK, Promega) was added at a
final concentration of 50 pM, 'anAd after incubating for 2.5 hours, cell death was induced. For
cell death induction by Actinomycin D, Actinomycin D (Sigma) was added at 1 pg/mi (Jurkat) or
5 pg/ml (ARH77), and for cell death induction by 2D7DB, 2 pug/ml of purified 2D7DB was
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added. Cells were collected 16 hours after cell death induction, and stained using Annexin V
and PI. ' ‘

[17] Cell growth assay using 2D7 diabody _
Each type of cells was plated into a 96-well plate at a cell concentration of 1-2 x 10*

- cells/well. 2D7DB was added at an appropriate concentration, and the cell count was

determined after three days of culturing. Viable cell count was determined using WST-8.

~ More specifically, this reagent was added to the cells at 10 pl/well, and the cells were then

cultured at 37°C for 1.5 hours.  The relative viable cell count was determined by measuring the
ODys0 using a spectrophofometer. The growth suppression rate was calculated from (1- (ODys
of 2D7DB treated cells / OD4so of 2D7DB untreated cells)) x 100.

[18] Detection of DNA fragmentation

ARH77 and Jurkat cells were plated into a 6-well plate so that the cell concéntration
was 2 x 10° cells/well, and cell death was induced by adding purified 2D7DB at a final
concentration of 2 pg/ml, or Actinomycin D at a final concentration of 1 ug/ml (ARH77) or 5
pg/ml (Jurkat) to each well.  The control was a well to which nothing was added. After
culturing for 24 hours, the cells were collected, washed once with PBS, and then lysed in a lysis
buffer (10 mM Tris pH7.5, 10 mM EDTA, 0.5% Triton X-100). This was followed by
centrifugation to remove the insoluble proteins, and then the material was treated with RNase A
and Proteinase K. A portion of this was then subjected to agarose gel electrophoresis to detect -

chromatin DNA fragmentation.

[19] Inhibition of cell death induction by cytochalasin D

ARH77 cells were plated into a 24-well plate to achieve a cell concentration of 5 x 10°
cells/well, and cytochalasin D (Sigma) was added to a final concentration of 20 png/ml. The
control was a well to which ethanol alone was added. . After culturing for one hour, purified
2D7DB was added at various concentrations (0, 200, 500, 1000 ng/ml), and culturing was
continued for another four hours. Cells were then collected, and the proportion of dead cells
was detected by staining with PIL.

[20] Immunostaining of 2D7DB-treated cells using anti-actin antibody

2D7DB was added at a concentration of 1 pg/ml to cytochalasin D-treated/-untreated
ARH77 cells, and after cuIturirig at 37°C for 15 minutes, the cells were adhered to a slide glass
with Cytospin.  After immobilizing the cells by immersion in methanol for 15 minutes at -20°C,
blocking was performed usiﬁg a blocking buffer (3% BSA/PBS) at 4°C for one hour. This was
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then reacted with CY3-labeled anti-actin antibody (Sigma) diluted 100-fold in 1% BSA/PBS for
one hour at room temperature, and then the cell nuclei were stained with Hoechst 33258.  After

" washing several times with PBS, the cells were observed under a confocal laser scanning

microscope (Olympus).

[Example 1] Expression analysis of 2D7 antigen in each type of cell line

To determine the cell line that should become the source to produce a cDNA expression

. library and the cell line that should become the host, 2D7 antigen expression in each 'type‘ of

animal cell was analyzed using FACS (Fig. 2A and Fig. 2B). As a result, among
human-derived hemocyte cells, extremely strong expression of the 2D7 antigen was observed in
lymphocytic tumor cell lines, RPMI8226, U266, and in Jurkat, but expression was found to be
weak in K562. In Ba/F3, FDC-P1, and HCI-16, which are hemocytes derived from .mice_:,
expression was very weak, perhaps due to differences between the species. Of the adherent
cells, expression was observed in COS7, 293T, and HeLa. Expression was hardly observed in ‘
mouse NIH3T3 cells. '

From the expression patterns mentioned above, RPMI8226 cells were judged to be _
appropriate as a source of a cDNA library to be used for expression cloning, and NIH3T3 cells
were determined to be appropriate as host cells to be used for screening, to which the expression

library is transferred.

[Example 2] Cloning of 2D7 antigen
[1] Cloning from a protein o ‘

_ Cell lysates were prepared from RPMI8226 cells and U266 cells, which express the 2D7
antigen, and NIH3T3 cells, which do not express the 2D7 antigen, and immunoprecipitation was
performed using the 2D7 antibody. As a result, a molecule (approximately 12 kD) that
precipitates specifically in RPMI8226 and U266 cells was observed (Fig. 3). This molecule
was not detected by Western blotting using the 2D7 antibody, but since it is at least reproducibly
precipitated by the 2D7 antibody, it was strongly predicted to be the 2D7 antigen itself, or a
molecule that co-precipitates with the 2D7 antigen.

Coomassie staining was performed on this band; it was then cut out and the peptides

_ were sequenced.  As a result, this 12 kD molecule was identified as B2 microglobulin (B2M).

Since 2M is one of the class I MHC protein complexes that associate with HLA class I through
non-covalent bonds, the 2D7 antibody is considered to have co-precipitated it as an HLA .
complex. HLA class 1 cpmprises the a1 and a2 domains required for antigen presentation, and
the o3 domain which binds to B2M. Since the 2D7 antibody can co-precipitate the $2M '
molecule, it is anticipated that the 2D7 antibody will recognize the a.1-a2 domains of HLA class
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I as an epitope.

[2] Expression cloning of genes
cDNAs were synthesized using random hexamers from mRNAs purified from the 2D7
antigen-expressing cells, RPMI8226. These were inserted into a retrovirus vector, pMX2, and a

. retrovirus expression library was constructed. The library titer was investigated, and found to

include a total of 6 x 10° clones. Furthermore, the average cDNA length was found to be
approximately 1.5 kb, arrived at by randomly selecting 24 clones from this library and ‘
investigating their insert size using colony PCR.  Thus, the produced expression library was
Judged to be sufficient for use in expression cloning. |

Fig. 4A and Fig. 4B show a flow diagram of the screening described below. In the first
screening, 4000 independent clones were used in one pool, and 24 pools (corresponding to
96000 clones) were produced. The plasmids were packaged into retroviruses by transfecting
each plasmid into BOSC23 cells. The resulting viruses derived from each pool were infected
into NTH3T3 cells. Three days after infection, the cells were detached, and after staining with
2D7 antibody, expression analysis was performed using FACS. As a result, compared to
NIH3T3 cells infected with viruses derived from an empty vector (control), 2D7-positive cells
were found in 3 of the 24 pools (pools 4, 13, and 21). ‘

Next, pools 4 and 13, which showed positive results in the first screening, were divided
into four pools each comprising 1000 independent clones, and a second screening was performed.
As aresult, a single clearly positive pool was found from each pool (Fig. SA, pool 4-4, and pool
13-1).  Pool 13-1 was further divided into 21 pools, each comprising 160 independent clones, to
perform a third screening. Two positive pools (Fig. 5B, 13-1-11 and 13-1-21) were identified.
Subsequently, pool 13-1-11 was divided into eight pools, each comprising 20 clones, to perform
a fourth screening, and a positive pool (Fig. 5C, 13-1-11-5) was obtained.

This pool was spread onto an LB plate, 64 colonies were picked one by one, and each of
these were inoculated to one well of a 96-well plate. The eight clones in the vertical rows were
taken as one pool to produce eight pools (1 to 8), and the eight clones in the horizontal rows
were taken as one pool to produce eight pools (A to H), and a fifth screening was performed.

As aresult, pools 3, 4, 6, and 8, and pools E, F, and G were positive, thus narrowing down the

A positiVe candidate clones to twelve clones (Fig. 6A). FACS was performed on these twelve

clones, and ultimately four positive clones (3F, 4G, 6E, and 8G) were identified as a single clone
recognized by the 2D7 antibody (Fig. 6B).

As aresult of reading the sequence of the insert portion of these clones, all four clones
were found to be the full-length cDNA sequence of Human MHC class | HLA-A-6802.

HLA-A is classified into several dozen types of haplotypes. As a result of this cloning,
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the A*6802 haplotype of HLA class I was identified as a 2D7 antigen, but since the 2D7
antibody recognizes a wide variety of cells, the haplotype of HLA class I in the RPMI8226 cells
that were used as the gene source just happened to be A*6802, and the 2D7 antibody was

considered to be an antibody that recognizes any haplotype of HLA class I molecules.

[Example 3] Examination of growth inhibitory effect _
~ Several types of leukemia cell lines (K562, Jurkat, and RPMI8226) were used to

investigate whether the 2D7 antibody has a cytocidal effect. The expression level of the 2D7
antigen in the three céll lines is: K562, weakly positive; Jurkat and RPMI8226, strongly positive.

K562 and Jurkat cells were plated in the presence or absence of PHA and PMA, and 10
pg/ml of the 2D7 antibody was added thereto. On observing the cells 24 hours later, weakly
2D7-positive K562 cells did not show obvious differences in their morphology due to the
presence or absence of the 2D7 antibody, however, addition of 2D7 antibody resulted in
significant cell aggregation in Jurkat cells strongly expressing 2D7 (Fig. 7B and Fig. 7C).
However, growth inhibition due to addition of the 2D7 antibody was not observed (Fig. 7A). - -
Growth inhibition due to 2D7 in Jurkat cells activated by PHA and PMA stimulation was also
not observed.

Unexpectedly, addition of 2D7 antibody did not have an obvious effect on the
morphology and growth of the strongly 2D7-positive RPMI8226 cells (Fig. 7D).

Next, it was examined whether cytocidal effects can be observed by adding anti-mouse
IgG(Fc) antibody to 2D7 antibody, to cross-link the antibodies. Anti-mouse IgG was added to
Jurkat cells, in the presence or absence of 2D7 antibody. The cells were cultured, and 48 hours
later the cell nuclei were stained with Hoechst33258.  Cells were observed for fragmentation of
cell nuclei, which is characteristic of dead cells (Fig. 8). As a result, nuclear fragmentation was
observed in Jurkat cells by further cross-linking 2D7 with an antlbody, indicating that cell death .

was mduced

[Example 4] Cloning of cDNA encoding the 2D7 antlbody varlable region, and the predicted -
diabody structure
Primers for the constant regions of the heavy chain and light chain of mouse IgG2b

The nucleotide sequences of the obtained PCR products are shown in SEQ ID NO: 1 and 3.

A single chain was then constructed based on these sequences. As shown in Fig. 9 and
Fig. 10A, the 2D7 single chain is composed of the leader sequence of the heavy chain, the
variable region of the heavy chain, and then across from a Smer linker (GGGGS), the variable
region of a light chain, followed by a cDNA (SEQ ID NO: 5) encoding a Flag-tag.
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Dimerization of this single chain may cause the 2D7 diabody to form the structure shown in Fig.
10B. o

[Example 5] Analysis of the cytotoxic activity of the 2D7 diabody
(i) Cytotoxic activity of the 2D7 diabody transiently expressed in'COS7

- A 2D7 diabody expression vector was transfected into COS7 cells, and the culture
supernatant was collected three days later. The culture supernatant and cell lysate were
subjected to SDS-PAGE, and after performing Western blotting with an anti-Flag-tag antibody, a
2D7 single chain was found to be secreted in the culture supernatant (Fig. 10C).

. This culture supernatant was added to Jurkat cells at a ratio of 50%. The percentage of
dead cells was measured by staining the cells with PI and Annexin V a few days later. No
significant change in the apoptosis marker was observed in Jurkat cells to which just the
anti-BST-1 antibody and 2D7 antibody (5 ug/ml each) were added. Furthermore, no particular
change could be observed when using the culture supernatant of COS7 transfected with the
vector alone.  On the other hand, cell death was clearly induced in Jurkat cells to which the
culture supernatant of COS7 expressing 2D7DB was added (Fig. 11A and Fig. 11B).

Next, to investigate the HLA class 1 A-specific action of this 2D7DB, a similar
experiment was performed using K562 cells, which are known to not express HLA class T A.

As aresult, 2D7DB had absolutely no influence on K562 celis, although it showed cell death
inducing activity against Jurkat cells (Fig. 12A and Fig. 12B).  This strongly supports the idea
that the cell death inducing activity of 2D7DB is an action targeting HLA class I A, which is its
epitope. Furthermore, according to each data, the sensitivity of Jurkat cells towards 2D7DB
was found to be slightly higher in cells stimulated with con A.

Next, the action of 2D7DB on other myeloma cell lines was analyzed. RPMI8226,
IL-KM3, U266, and ARH77 were incubated with culture supernatant in which‘ the vector alone
was transfected (control), or with the 2D7DB-expressing COS7 culture supernatant. Two days
later these cultures were double stained with Annexin V and PI, and analyzed using a flow
cytometer. As a result, incubation with 2D7DB was found to significantly induce cell death in
all of the cells (Fig. 13A to Fig. 13D). ‘

~ (ii) Cytotoxic activity of purified 2D7DB

The growth inhibitory effect of purified 2D7DB on each type of cell line (RPMI8226,
ARH77, U266, and Jurkat) was analyzed. 2D7DB was added at 0, 0.5, 1.0, and 2.0 pg/ml, and
the number of cells was counted three days later.  As a result, 2D7DB was found to inhibit cell
growth of these cells in a concentration-dependent manner (Fig. 14).

Purified 2D7DB was then added, and 48 hours later, cells were stained with cell death
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markers, P1 and Annexin V, and then analyzed. As in the results obtained when using 2D7DB
transiently expressed in COS7, cell death was induced in Jurkat and ARH77 in a

“ concentration-dependent manner, and K562 was not affected at all (Fig. 15A to Fig. 15C).

Furthermore, 48 hours after the addition of 2D7DB to U266 and IL-KM3, significant cell deaih
inducing activity wés conﬁnhed (Fig. 16A and Fig. 16B). '

On the other hand, although the 2D7 antibody stained the adherent HeLa cells very well,
2D7DB had absolutely no influence under the same conditions (Fig. 15D).  This suggested'thét
2D7DB may act spec1ﬁcally on suspended cells, such as hemocyte cells. ‘

Next, the time taken for 2D7DB to induce cell death was analyzed. 2 pg/ml of 2D7DB
was added to ARH77 and Jurkat cells, cells were collected 12, 24, and 38 hours later, and stained
with a cell death marker. The results showed that cell death was already induced in all cells
twelve hours later (Fig. 17A and Fig. 17B). Therefore, cell death induction was investigated at
earlier times (three and six hours). Surprisingly, it was shown that 2D7DB induces cell death at
least within three hours after its addition (Fig. 18A and Fig. 18B). These results strongly
support the idea that 2D7DB has a very strong cell death-inducing activity. Since 2D7DB
strongly induces cell death, sufficient drug efficacy can be expected even with a short half life in
the blood. Furthermore, safety becomes a concern if the whole antibody has strbng cell
death-inducing activity, considéring the length of the half life in the blood; however, producing a
diabody can overcome such problems.

| Next, analyses were performed to determine whether cell death due to 2D7DB is
induced through caspase activation, that is, whether it is apoptosis. As shown in Fig. 19 and
Fig. 20, significant apoptosis was induced when ARH77 and Jurkat cells were treated with the
apoptosis-inducing agent Actinomycin D, and then stained 16 hours later with Annexin V and PI.
After pre-treating cells under these conditions with caspase inhibitor Z-VAD-FMK for 2.5 hours,
apoptosis due to Actinomycin D was suppressed. However, cell death induced by. 2D7DB was .
not inhibited at all by pretreatment with Z-VAD-FMK.  These results show that 2D7DB induces
cell death By a mechanism different from the ordinary caspase-mediated apoptosis mechanism.

To confirm this, fragmentation of chromatin DNA, known to be the most characteristic
biochemical change accompanying apoptosis, was also analyzed.

ARH77 and Jurkat cells were treated with 2D7DB (2 pg/ml) or Actinomycin D, and

. DNAs were collected from the cells 24 hours later and subjected to electrqphoresis (Fig. 21).

As a result, DNA fragmentation characteristic of-apoptosis had been induced in all cells treated
with Actinomycin D, which is an apoptosis-inducing agent. On the other hand, DNA -
fragmentation was not observed at all in 2D7DB-treated cells, even though the concentration of
added 2D7DB was absolutely sufficient to induce cell death. These results also strongly |
support the idea that cell death due to 2D7DB is an unknown type of cell death, unaccompanied
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by the characteristics of apoptosis.

From the above-mentioned results, cell death due to 2D7DB was found to be caused by
a pathway different from previously known cell death induction mechanisms. Therefore,
further analysis was performed to elucidate the mechanism of cell death induction by 2D7DB.
From the experiments described above, when 2D7DB was reacted with the cells, the cell

- membranes were often observed to be destroyed under the microscope.  Therefore, 2D7DB was

presumed to have some sort of influence on the actin skeleton. In order to examine such a

 possibility, an actin'polymerization inhibitor (cytochalasin D) was made to act on the cells, and

the influence of 2D7DB on cell death induction activity was analyzed.

Cytochalasin D (20 pg/ml) or ethanol alone (control) was added to ARH77 cells, and 1
hour later, 2D7DB was added at various concentrations. After a 4-hour incubation from the
2D7DB addition, cells were collected, P staining was performed and the percentage of dead
cells was measured (Fig. 22).  As a result, pretreatment of cells with cytochalasin D was found
to cause loss of sensitivity towards 2D7DB. These results suggested that 2D7DB causes some
kind of effect on the cytoskeletal system, such as actin, to induce cell death by binding to
HLA-class 1A, which is the target molecule.

Therefore, cells treated with 2D7DB were stained by the actin antibody, and the
dynamic change of the cytoskeletal system due to 2D7DB addition was analyzed visually.
ARH77 cells were treated with 2D7DB, and 15 minutes later, the cells were immobilized with
methanol, and the state of actin (red) in the cells was investigated by immunostaining (Fig. 23).
As a result, compared to the image from those not treated with 2D7DB, significant destruction of
the actin skeleton in the cell due to 2D7DB was observed. _

The above-mentioned results strongly suggested that cell death due to 2D7DB may be
caused by destruction of the actin skeleton in cells by 2D7DB bound to HLA classTA. Thisisa

completely new type of cell death induction mechanism that has not been reported to date.

[Example 6] Drug efficacy test for 2D7 diabody using human myeloma animal model
(1) Production of mouse model for human myeloma

A mouse model for human myeloma was produced as follows. ARH 77 cells were
prepared to reach 2.5x 107 cells/ml in RPMI1640 medium (GIBCO BRL) supplemented with

- 10% fetal calf serum (GIBCO BRL), and then 200 pL of the above-mentioned ARH77 cell

suspension (5x 108 cells/mouse) was injected to SCID mice (male, 6 weeks old, Clea Japan)
pretreated the day before with intraperitoneal administration of 0.2 mg of anti-asialo GM1
antibody (Wako Pure Chemicals) from the tail vein.

(2) Preparation of the antibody to be administered
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On the day of administration, a 2D7 diabody was prepared at 0.8 mg/ml using
filter-sterilized PBS(-), and this was used as the administration sample. '

(3) Antibody administration

To the mouse model of human myeloma produced in (1), the administration sample
prepared in (2) was administered through the tail vein at 10 ml/kg twice a day for 3 days from
the first day after engraftment of ARH77 cells. As a negative control (vehicle), filter-sterilized
PBS(-) was administered Similarly- at 10 ml/kg through the tail vein twice a day for 3 days. The

antibody-administered group had 7 animals per group, and the vehicle-administered group had 8
animals per group.

(4) Human IgG assay of mouse serum .

The quantity of human IgG produced by human myeloma cells in the mouse serum was'
determined by ELISA described below. 100 pL of goat anti-human IgG antibody
(BIOSOURCE) diluted to 1 pg/ml with 0.1% bicarbonate buffer (pH9.6) was placed into a
96-well plate (Nunc), this was incubated at 4°C overnight, and the antibody was immobilized.
After blocking, mouse serum diluted in a stepwise manner, or as the authentic sainple, 100 pL of
human IgG (Cappel) was added, and this was incubated at room temperature for 1 hour.  After
washing, 100 pL of a 5000-fold diluted alkaline phosphatase-labeled anti-human IgG antibody
(BIOSOURCE) was added, and this was incubated at room temperature for 1 hour. After
washing, substrate solution was added, and after incubation, absorbance at 405 nm was measured
using MICROPLATE READER Model 3550 (BioRad), and the concentration of human IgG in
rﬁouse_serum was calculated from the calibration curve obtained from the absorbance of the

authentic human IgG sample.

(5) Evaluation of anti-tumor effect

The anti-tumor effect of the 2D7 diabody on a human myeloma mouse model was
evaluated using the change in the amount of human IgG (M protein) produced by the myeloma
cells in mouse serum, and by the survival time. Regarding the change in human IgG level in

mouse serum, serum was. collected on the 24th day after transplanting the ARH77 cells, and the

human IgG (M protein) in the serum had increased in the vehicle-administered group to

approximately 74 pg/ml. In contrast, the level in the 2D7 diabody-administered group was _
significantly lower than in the control group (P<0.005, unpaired t-test), and 2D7 diabody was
shown to very strongly suppress the growth of ARH77 cells (Fig. 24). With regards to survival
time, as shown in Fig. 25, the 2D7 diabody-administered group showed a significant increase in
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survival time compared to the vehicle-administered group.
Accordingly, the 2D7 diabody was shown to have an antitumor effect on the mouse

model of human myeloma. The antitumor effect of the 2D7 diabodies of this invention may be

~ based on the cell death-inducing action of this antibody.

- [Example 7] Analysis of the action of 2D7DB on PBMC

The action of 2D7DB on human peripheral blood mononuclear cells (PBMCs) was
analyzed. PBMCs were purified from the peripheral blood of a healthy adult volunteer by
density gradient centrifugation. The PBMCs were plated at 5x 10° cells/1 ml/well onto a
24-well plate, in the presencé or absence of a mitogen. Phytohemagglutinin M (PHA-M, Roche
Diagnostics, final concentration: 10 pg/ml), concanavalin A (ConA, Wako, final concentration:
10 pg/ml), and SAC (Pansorbin Cells, Calbiochem, final concentration: 0.01%) were used as
mitogens. Cells were cultured in a 5% CO; incubator at 37°C for three days. 24 or 3 hours
before culture was complete, 2D7DB was added to yield a final concentration of 2 pg/ml.  After
culture was complete, the cells were double stained with Annexin V and PI (Annexin-V-FITC
Apoptosis Detection Kit I, Pharmingen), and then analyzed using a flow cytometer (EPICS XL,
Coulter). As a positive contrdl, ARH77 at 2.5x 10° cells/1 ml/well was cultured for 24 hours in
the absence of a mitogen, and was reacted with 2D7DB, as for PBMC.

In the case of PBMC, the percentages of dead cells that were both Annexin V and
Pl-positive were 29%, 23%, and 25% in the absence of mitogens (in order: no addition, 3-hour
addition, and 24-hour addition of 2D7DB; continued below); 20%, 45%, and 42% in the
presence of PHA-M; 22%, 30%, and 34% in the presence of ConA; and 31%, 38%, and 40% in
the presence of SAC (Figs. 26A to 26D). In the case of ARH77, the percentages were 16%,
56%, and 58% (Fig. 26E). These results showed that 2D7DB has hardly any effect on '
unstimulated PBMC, but induces cell death in a short time with mitogen-activated PBMC.

Industrial Applicability

This invention provides minibodies with high specific activities. By using these
minibodies, adequate drug efficacy can be expected even with a short half life. The minibodies
of the present invention are further expected to be able to separate drug efficacy from toxicity.
In addition, since overall cost is reduced, including reducing clinical dose and production cost,
economical problems of concern in the development of antibody pharmaceuticals are also

expected to improve.
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CLAIMS

"1. A minibody that recognizes a human leukocyte antigen (HLA).

2. The minibody of claim I, wherein the HLA is an HLA class I.

3. The minibody of claim 2, wherein the HLA class I is an HLA-A.

4. A minibody derived from a 2D7 antibody.

5. The minibody of any one of claims 1 to 4, wherein the minibody is va diabody.

6. A minibody of any one of (a) to (d):

(a) a minibody comprising the amino acid sequence of SEQ ID NO 6;

(b) a minibody functionally equivalent to the minibody of (a), and comprising an amino
acid sequence with a substitution, insertion, deletion and/or addition of one or more amino acids
in the amino acid sequence of SEQ ID NO: 6; . |

(c) a minibody comprising the amino acid sequences of CDRs of SEQ ID NOs: 2 and 4;
and '

. (d) a minibody functionally equivalent to the minibody of (c), and comprising an amino
acid sequence with a substitution, insertion, deletion and/or addition of one or more amino acids
in the amino acid sequence of the CDRs of SEQ ID NOs: 2 and 4.

7. A method for producing an HLA-recognizing antibody having increased activity by
converting the HLA-recognizing antibody to a low-molecular-weight antibody.

8. The method of claim 7, wherein the HLA is an HLLA class .

9. The method of claim 8, wherein the HLA class I is an HLA-A.

antibody to a low- molecular-welght antibody.

11.  The method of any one of claims 7 to 10, wherein the conversion step comprises

conversion to a diabody.
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12.  The method of any one of claims 7 to 11, wherein the activity is a cell death-inducing

activity or a cell growth-suppressing activity.

13. A cell death-inducing agent, comprising as an active ingredient the minibody of any one of

claims 1 to 6,' the minibody produced by the method of any one of claims 7 to 12, or a 2D7

. antibody.

14. The cell death-inducing agent of claim 13 that induces cell death of a B cell or T cell.

15. The cell death-inducing agent of claim 14, wherein the B cell or T cell is an activated FB cell

or activated T cell.
16. A cell growth-suppressing agent comprising as an active ingredient the minibody of any
one of claims 1 to 6, the minibody produced by the method of any one of claims 7 to 12, or a

2D7 antibody.

17.  An antitumor agent comprising as an active ingredient the minibody of any one of claims

1 to 6, the minibody produced by the method of any one of claims 7 to 12, or a 2D7 antibody.

18. The antitumor agent of claim 17, wherein the tumor is a blood tumor.

19. A therapeutic agent for an autoimmune disease, wherein the therapeutic agent comprises as
an active ingredient the minibody of any one of claims 1 to 6, the minibody produced by the

method of any one of claims 7 to 12, or a 2D7 antibody.

20. The cell death-inducing agent of any one of claims 13 to 15, wherein the antibody is a
diabody.

21. The cell growth-suppressing agent of claim 16, wherein the antibody is a diabody.

22, The antitumor agent of claim 17 or 18, wherein the antibody is a diabody.

23. The therapeutic agent for autoimmune disease of claim 19, wherein the antibody is a
diabody. .
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ABSTRACT

To identify antigens of the 2D7 antibody, the present inventors cloned the 2D7 antigen.
The results suggested that the 2D7 antigen is an HLA class I molecule. Based oh this ﬁnding,
the present inventors examined whether the 2D7 antibody has cell death-inducing activity.
Nuclei fragmentation was observed when the 2D7 antibody was cross-linked with another
antibody, indicating that cell-death was induced. Further, diabodies of the 2D7 antibody were
found to have very strong cell death-inducing activities, even without the addition of 4anot.hcr
antibody. These results indicate that minibodies of an HLA-recognizing antibody can be used

as cell death-inducing agents.
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